EP0014 755 [file:/A\c as03\firr Jta ip FOLE\Pat PatentDocuments EP001410 7 55 CPC] 





Europaisches Patentamt 


l!h' I II HI II I 1 1 II 


(19) 


^fljlj Euro P ea n Patent Office 






Office europeen des brevets 


(1D EP1 410 755A1 


(12) 


EUROPEAN PATENT APPLICATION 


published in accordance with Art. 158(3) EPC 


(43) 


■ 

Date of publication: 


(51) IntCI. 7 : A61B5/00 




21.04.2004 Bulletin 2004/17 






(86) International application number: 


(21) 


Application number: 02736133.6 


PCT/JP2002/006020 


(22) 


Date of filing: 17.06.2002 


(87) International publication number: 






WO 2002/102242 (27.12.2002 Gazette 2002/52) 


(84) 


Designated Contracting States: 


• Takesue, Toshiharu, 




DE FR GB 


Sumitomo Osaka Cement Co., Ltd 






Tokyo 102-8465 (JP) 


(30) 


Priority: 15.06.2001 JP 2001181077 


* Mimura, Kazuhiro, 


06.02.2002 JP 2002029406 


Sumitomo Osaka Cement Co., Ltd 




29.03.2002 JP 2002096209 


Tokyo 102-8465 (JP) 






» Katou, Kei, Sumitomo Osaka Cement Co., Ltd. 


(71) 


Applicants: 


Tokyo 102-8465 (J P) 


♦ 


SUMITOMO OSAKA CEMENT CO., LTD. 


* Nakajima, Masato, 




Tokyo 102-8465 (JP) 


Faculty of Science & Technology 


* 


Keio University 


Yokohama-shi, Kanagawa 223-0061 (JP) 




Tokyo 108-0073 (JP) 








(74) Representative: HOFFMANN EITLE 


(72) 


Inventors: 


Patent- und Rechtsanwalte 




Takemura, Yasuhiro, 


Arabellastrasse 4 




Sumitomo Osaka Cement Co., Ltd 


81925 Miinchen (DE) 




Tokyo 102-8465 (JP) 





(54) MONITORING APPARATUS 



(57) To provide a monitoring device which can de- 
tect conditions of a sleeping person reliably and which 
is simple. A monitoring device comprising: multiple in- 
dependent distance sensors 11 installed facing different 
positions in a monitored target area 50 to be monitored 
for measuring a distance to a monitored target 2, a cal- 
culating unit 22 for calculating changes over time in the 
outputs of the distance sensors 1 1 , and a detection proc- 
essor 23 for detecting changes in shape of the moni- 
tored target 2 based on the calculated changes over 
time in one or multiple distance sensor 11 among the 
multiple distance sensors 11. 
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Description 

Technical Field 

[0001] This invention relates to a monitoring device 
and a monitoring method for monitoring a monitored tar- 
get and, more particularly, to a monitoring device and a 
monitoring method formonitoring changes in respiration 
or the like of a sleeping person. 

Background Art 

[0002] As a monitoring device for monitoring changes 
in respiration of a sleeping person, there has been con- 
ventionally proposed a device which monitors changes 
in respiration of a sleeping person based on changes 
over time in pressure distribution detected by load sen- 
sors or pressure sensors. 

[0003] Such a conventional device, however, needs 
a high-performance signal amplifier or some signal 
processing means to obtain and detect stable signals 
since measured signals are weak. Thus, the device is 
complicated and large as a system. 
[0004] It is, therefore, an object of this invention to 
provide a monitoring device which can detect conditions 
of a sleeping person reliably and which is simple. 

Disclosure of the Invention 

[0005] An object of this invention is to provide a mon- 
itoring device comprising: a distance sensor 1 1 installed 
facing a monitored target area 50 for measuring the dis- 
tance to a monitored target 2; a calculating unit 22 for 
calculating changes over time in the output of the dis- 
tance sensor 11; and a detection processor 23 for de- 
tecting changes in shape of the monitored target 2 
based on the calculated changes overtime as shown, 
for example, in FIG. 1 and FIG. 3. 
[0006] An object of this invention is to provide a mon- 
itoring device comprising: multiple independent dis- 
tance sensors 11 installed facing different positions re- 
spectively in a monitored target area 50 for measuring 
the distance to a monitored target 2; a calculating unit 
22 for calculating the changes over time in the outputs 
of each of the multiple distance sensors 11 ; and a de- 
tection processor 23 for detecting changes in shape of 
the monitored target 2 based on the calculated changes 
over time in one or multiple selected distance sensors 
11 among the multiple distance sensors 11 as shown, 
for example, in FIG. 1 and FIG. 3. 
[0007] The monitoring device 1 constituted as de- 
scribed above has multiple distance sensors 11 , a cal- 
culating unit 22 and a detection processor 23. The mul- 
tiple distance sensors 11 measure the distances to the 
monitored target 2 in the monitored target area 50, and 
the changes overtime in the outputs of each of the mul- 
tiple distance sensors 11 is calculated. Then, changes 
in shape of the monitored target 2 are detected based 



on the calculated changes over time in one or multiple 
selected distance sensors 11 among the multiple dis- 
tance sensors 1 1 . The monitoring device 1 can therefore 
reliably detect the condition of a sleeping person. 
[0008] The monitoring device 1 preferably determines 
the condition of the monitored target based on the de- 
tected changes in shape of the monitored target 2. 
[0009] In the monitoring device 1 , the detection proc- 
essor 23 preferably determines that the monitored tar- 
get 2 is in the monitored target area 50 when periodic 
changes in the detected changes in shape has contin- 
ued for a predetermined period of time or longer. The 
monitoring device 1 can therefore determine that a 
sleeping person, for example, is in bed. 
[0010] In the monitoring device 1 , the detection proc- 
essor 23 preferably determines that the monitored tar- 
get 2 has deviated from the monitored target area 50 
when no periodic change is detected after a transitional 
change has been detected in the detected changes in 
shape and neither transitional change nor periodic 
change can be detected for a predetermined period of 
time or longer. The monitoring device 1 can therefore 
determine that a sleeping person, for example, has left 
bed. 

[0011] In the monitoring device 1 , the detection proc- 
essor 23 may determine the condition of the monitored 
target 2 based on either or both of the period and am- 
plitude of periodic changes in the detected changes in 
shape. A target, which shows periodic changes, is a 
concept including an animal such as a human. 
[0012] In the monitoring device 1 , the detection proc- 
essor 23 may select an output which showed the largest 
change over time within a predetermined period of time 
in the immediate past and detect changes in shape of 
the monitored target 2 based on change overtime in the 
output. 

[0013] In the monitoring device 1 , the detection proc- 
essor 23 may select all of the multiple distance sensors 
1 1 , obtain the total of changes overtime in the distances, 
and detect changes in shape of the monitored target 2 
based on the total. 

[0014] In the monitoring device 1 , the detection proc- 
essor 23 may calculate the frequency spectra of all the 
outputs from the multiple distance sensors 11 , select a 
distance sensor 1 1 whose output has a frequency spec- 
trum with a peak having a sharpness which is a prede- 
termined value or higher and the highest among the cal- 
culated frequency spectra, and detect changes in shape 
of the monitored target 2 based on changes over time 
in the selected distance sensor 11 . 
[0015] In the monitoring device 1 , the detection proc- 
essor 23 preferably calculates the frequency spectra of 
outputs from the distance sensors 11 which detected a 
change over time having an absolute value within a pre- 
determined range, selects a distance sensor 11 whose 
output has a frequency spectrum with a peak having a 
sharpness which is a predetermined value or higher and 
the highest among the calculated frequency spectra, 
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and detects changes over time in shape of the moni- 
tored target 2 based on changes overtime in the select- 
ed distance sensor 11. 

[0016] In the monitoring device 1 , the detection proc- 
essor 23 preferably calculates the frequency spectra of 
outputs from a plurality of the distance sensors 11 which 
detected a change over time having one of the largest 
absolute values, selects a distance sensor 11 whose 
output has a frequency spectrum with a peak having a 
sharpness which is a predetermined value or higher and 
the highest among the calculated frequency spectra, 
and detects changes in shape of the monitored target 2 
based on changes over time in the selected distance 
sensor 11. 

[0017] In the monitoring device 1 , the detection proc- 
essor 23 may select changes over time having absolute 
values which are larger than a predetermined value and 
detect changes in shape of the monitored target 2 based 
on the average of the selected changes over time. 
[0018] In the monitoring device 1 , the detection proc- 
essor 23 may select changes over time having absolute 
values which are larger than a predetermined value and 
detect changes in shape of the monitored target 2 based 
on the average of the absolute values of the selected 
changes over time. 

[0019] In the monitoring device 1 , the detection proc- 
essor 23 may compare the phases of changes over time 
relating to a plurality of the selected distances each oth- 
er, classify the changes over time into groups according 
to the similarity of the phases, obtain the total of the 
changes over time in each group, calculate the differ- 
ence between the totals of groups, the groups having 
approximately opposite phases each other, and detect 
changes in shape of the monitored target 2 based on 
the value obtained by the calculation. 
[0020] The monitoring device 1 has light emitting 
means 31a for emitting a light flux to the monitored tar- 
get 2 and an imaging optical system 37a for forming an 
image of light emission pattern generated on the moni- 
tored target 2 by the light emitting means 31a, and ob- 
tains an output corresponding to the distance by trigo- 
nometry based on the position where imaging pattern 
light is formed into an image by the imaging optical sys- 
tem 37a as shown, for example, in FIG. 5. 
[0021 ] In the monitoring device 1 , the distance sensor 
11 may have at least two imaging units 41 and 42 for 
forming images of the monitored target 2 by individual 
optical axes and obtains an output corresponding to the 
distance by trigonometry based on information on the 
position where the images are formed from the imaging 
units 41 and 42 as shown, for example, in FIG. 17. 
[0022] An object of this invention is to provide a mon- 
itoring method comprising the steps of: measuring a dis- 
tances to multiple different positions within a monitored 
target area to measure the distances to a monitored tar- 
get changing in shape within said monitored area; cal- 
culating changes over time in the multiple distances; 
and detecting changes in shape of the monitored target 



10 755 A1 4 

based on the calculated changes over time in one or 
multiple selected distances among changes over time. 
In the distance measuring step, typically, the distances 
from one point to multiple different positions in the mon- 
s itored target area are preferably measured. The one 
point here is a concept including a plurality of points in 
the vicinity. 

[0023] Preferably in the monitoring method, an output 
which showed the largest change overtime within a pre- 
io determined period of time in the immediate past is se- 
lected and changes in shape of the monitored target are 
detected based on change overtime in the output in the 
step of detecting. 

[0024] Preferably in the monitoring method, all the 
is multiple distances are selected, the total of all the 
changes over time in the distances is obtained, and 
changes in shape of the monitored target are detected 
based on the total in the step of detecting. 
[0025] Preferably in the monitoring method, changes 
20 over time havin g absolute values which are larger than 
a predetermined value are selected and changes in 
shape of the monitored target are detected based on the 
average of the selected changes over time in the step 
of detecting. 

2s [0026] Preferably in the monitoring method, changes 
overtime having absolute values which are larger than 
a predetermined value are selected and changes in 
shape of the monitored target are detected based on the 
average of the absolute values of the selected changes 

30 over time in the step of detecting. 

[0027] Preferably in the monitoring method, the phas- 
es of changes overtime relating to a plurality of the se- 
lected distances are compared each other, the changes 
are classified into groups according to the similarity of 

35 the phases, the total of the changes over time in each 
group is obtained, the difference between the totals of 
the groups, the groups having approximately opposite 
phases each other, is calculated, and changes in shape 
of the monitored target are detected based on the value 

40 obtained by the calculation in the step of detecting. In 
the step of detecting, all the changes over time in the 
multiple distances may be selected or changes over 
time having absolute values, which are greater than a 
predetermined value may be selected. 

45 [0028] Another object of this invention is to provide a 
monitoring device comprising: a distance sensor 11 for 
measuring a distance to a monitored target 2 to be mon- 
itored to in a monitored target area 50; a calculating unit 
22 for calculating changes over time in the output from 

so the distance sensor 11; and a detection processor 23 
for detecting a changes in shape of the monitored target 
2 based on the calculated changes overtime; wherein 
the distance sensor 1 1 has light emitting means 31 a for 
emitting a light flux to the monitored target 2, an imaging 

55 optical system 37a for forming an image of a light emis- 
sion pattern generated on the monitored target 2 by the 
light emitting means 31a; and a light receiving surface 
38 disposed in the vicinity of the position where the im- 
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aging optical system 37a forms an image and divided 
into a plurality of light receiving regions 38a and 38b for 
receiving imaging pattern light from the formed image 
of the light emission pattern; and further has a position 
information output unit 39a for receiving signals from the 
light receiving regions 38a and 38b, comparing the in- 
tensities of imaging pattern lights incident on the light 
receiving regions 38a and 38b based on the receiving 
signals, and outputting information on the position 
where an imaging pattern is formed corresponding to 
the distance to the monitored target 2 as shown , for ex- 
ample, in FIG. 1, FIG. 3 and FIG. 5. The changes in 
shape are typically continuous changes in shape. 
[0029] The monitoring device 1 constituted as de- 
scribed above has a distance sensor 11, a calculating 
unit 22 and a detection processor 23. The distance sen- 
sor 11 measures the distance to the monitored target 2 
in the monitored target area 50, and changes overtime 
in the output from the distance sensor 1 1 are calculated. 
Then, changes in shape of the monitored target 2 are 
detected based on the calculated changes over time. 
The monitoring device 1 can therefore reliably detect the 
condition of a sleeping person . Also, the distance sensor 
11 has a light emitting means 31a, an imaging optical 
system 37a and a light receiving surface 38 divided into 
a plurality of light receiving regions 38a and 38b. Thus, 
the circuit configuration can be simplified and the mon- 
itoring device 1 can be cost-effective and simple. 
[0030] Another object of this invention is to provide a 
monitoring device comprising: a distance sensor 11 for 
measuring the distance to a monitored target 2 to be 
monitored in a monitored target area 50; a calculating 
unit 22 for calculating changes over time in the output 
from the distance sensor 1 1 ; and a detection processor 
23 for detecting changes in shape of the monitored tar- 
get 2 based on the calculated changes over time; where- 
in the distance sensor 1 1 has light emitting means 31b 
for emitting a light flux to the monitored target 2, an im- 
aging optical system 37b for forming an image of light 
emission pattern generated on the monitored target 2 
by the light emitting means 31b, light receiving means 
36 disposed in the vicinity of the position where the im- 
aging optical system 37b forms an image for receiving 
imaging pattern light from the formed image of the light 
emission pattern; and a position information output unit 
39b for outputting information on the position where an 
imaging pattern is formed corresponding to the distance 
to the monitored target 2 based on the position where 
imaging pattern light is formed into an image on the light 
receiving means 36 as shown , for example, in FIG. 1, 
FIG. 3 and FIG. 13. 

[0031] The monitoring device 1 constituted as de- 
scribed above has a distance sensor 11, a calculating 
unit 22 and a detection processor 23. The distance sen- 
sor 11 measures the distance to the monitored target 2 
in the monitored target area 50, and changes over time 
in the output from the distance sensor 1 1 are calculated. 
Then, changes in shape of the monitored target 2 are 



detected based on the calculated changes over time. 
The monitoring device 1 can therefore reliably detectthe 
condition of a sleeping person. Also, the distance sensor 
11 has a light emitting means 31b, an imaging optical 

5 system 37b and light receiving means 36 and outputs 
information on the position where an imaging pattern is 
formed corresponding to the distance to the monitored 
target 2 based on the position where imaging pattern 
light is formed into an image on the light receiving means 

'0 36. Thus, the monitoring device 1 can be cost-effective 
and simple. 

[0032] In the monitoring device, the monitored target 
2 is a target which shows periodic changes, and the de- 
tection processor 23 preferably monitors the period of 
's the periodic changes based on the detected changes in 
shape of the monitored target 2. The target which shows 
periodic changes is a concept including an animal such 
as a human. 

[0033] Since the monitoring device 1 constituted as 
20 described above monitors the respiration rate of the 
monitored target 2, the condition of a sleeping person 
can be detected reliably. 

[0034] The monitoring device 1 described above has 
a plurality of distance sensors 11, and the plurality of 

2s distance sensors 11 are independent respectively and 
installed facing to different positions in the monitored 
target area 50. Since the monitoring device constituted 
as described above has a plurality of distance sensors 
11 , the condition of a sleeping person can be detected 

30 reliably. 

[0035] In the monitoring device 1 , the detection proc- 
essor 23 selects a distance sensor 11 which detected 
the largest change overtime within a predetermined pe- 
riod of time in the immediate past and detect changes 
35 in shape of the monitored target 2 based on the change 
over time. 

[0036] In the monitoring device 1 , the detection proc- 
essor 23 may select all of the plurality of distance sen- 
sors 1 1 , obtain the total of changes over time in the dis- 
40 tances, and detect changes in shape of the monitored 
target 2 based on the total. 

[0037] In the monitoring device 1 , the detection proc- 
essor 23 may select changes overtime having absolute 
values, which are greater than a predetermined value 
45 and detect changes in shape of the monitored target 2 
based on the average of the selected changes over 
time. 

[0038] In the monitoring device 1 , the detection proc- 
essor 23 may select changes overtime having absolute 
so values which are greater than a predetermined value 
and detect changes in shape of the monitored target 2 
based on the average of the absolute values of the se- 
lected changes overtime. 

[0039] In the monitoring device 1 , the detection proc- 
55 essor 23 may compare the phases of the changes over 
time relating to the a plurality of selected distance sen- 
sors 11 each other, and classify the changes into groups 
according to the similarity of the phases, obtain the total 
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of the changes over time in each group and calculate 
the difference between the totals of the groups, the 
groups having approximately opposite phases each oth- 
er, and detect changes in shape of the monitored target 
2 based on the value obtained by the calculation. 
[0040] Another object of this invention is to provide a 
monitoring device comprisingasensor211 for detecting 
a variable correlating to a distance to a monitored target 
202 in a monitored target area 250; a calculating unit 

222 for calculating a distance-related value based on 
the variable output from the sensor 211; and a determi- 
nation unit 223 for determining if there are changes in 
shape of the monitored target 202 based on the dis- 
tance-related value; wherein the determination unit 223 
determines that the monitored target 202 has had a first 
change in shape when the distance-related value is the 
same or larger than a first threshold value Th 1x and low- 
er than a second threshold value Th2 x , with the second 
threshold value being larger than the first threshold val- 
ue Th 1x ; and wherein the determination unit 223 deter- 
mines that the monitored target 202 has had a second 
change in shape, which is different from the first change 
in shape, when the distance-related value is the same 
or larger than the second threshold valueTh 2x and lower 
than a third threshold value Th 3x , with the third threshold 
value being larger than the second threshold value Th 2x 
as shown, forexample, in FIG. 23 and FIG. 26. Themon- 
itored target 202 is a sleeping person, for example. 
[0041] The monitoring device 201 constituted as de- 
scribed above has a sensor 211 , a calculating unit 222 
and a determination unit 223, and the determination unit 

223 determines that the monitored target 202 has had 
a first change in shape when the distance-related value 
is the same or larger than a first threshold value Th 1x 
and lower than a second threshold value Th 2x , with the 
second threshold value being larger than thefirst thresh- 
old value Th 1x . Thus, for example, the respiration of the 
sleeping person can be detected. Also, the determina- 
tion unit 223 determines that the monitored target 202 
has had a second change in shape, which is different 
from the first change in shape, when the distance-relat- 
ed value is the same or larger than the second threshold 
value Th 2x and lower than a third threshold value Th 3x , 
with the third threshold value being larger than the sec- 
ond threshold value Th 2x . Thus, for example, motion of 
a sleeping person can be detected. There can be there- 
fore provided a monitoring device 201 which can detect 
changes of the sleeping person precisely and is simple. 
[0042] In the monitoring device 201, the determina- 
tion unit 223 preferably determines that the monitored 
target 202 has deviated from the monitored target area 
250 when no change in shape of the monitored target 
202 can be detected within a first predetermined period 
of time after the distance-related value has exceeded 
the third threshold value Th 3x . 

[0043] The monitoring device 201 constituted as de- 
scribed above determines that the monitored target 202 
has deviated from the monitored target area 250 when 



no change in shape of the monitored target 202 can be 
detected within a first predetermined period of time after 
the distance-related value has exceeded the third 
threshold value Th 3x . The monitoring device 201 can 
therefore, for example, determine that a sleeping person 
has left bed. 

[0044] In the monitoring device 201 , the determina- 
tion unit 223 is preferably configure to determine that 
the monitored target 202 has deviated from the moni- 
tored target area 250 when neither the first change in 
shape nor the second changes in shape of the moni- 
tored target 202 can be detected within a predetermined 
period of time without detection of periodic changes af- 
ter the distance-related value has exceeded the third 
threshold value Th 3x . Also, the monitored target 202 is 
a target, which shows periodic changes, and a target, 
which shows periodic changes, is a concept including 
an animal such as a human. 

[0045] In the monitoring device 201 , the determina- 
tion unit 223 preferably determines that there has been 
a third change in shape when periodic changes in the 
distance-related value are detected. 
[0046] The monitoring device 201 constituted as de- 
scribed above, for example, can detect the respiration 
of a sleeping person precisely. Also, the determination 
unit 223 monitors the period of the periodic changes 
based on the detected periodic changes. The period is 
a concept including the respiration rate of a sleeping 
person. 

[0047] In the monitoring device 201, the determina- 
tion unit 223 preferably determines that the monitored 
target 202 is in the monitored target area 250 when 
changes in shape of the monitored target 202 are de- 
termined to have continued for a second predetermined 
period of time. 

[0048] The monitoring device 201 constituted as de- 
scribed above determines that the monitored target 202 
is in the monitored target area 250 when changes in 
shape of the monitored target 202 are determined to 
have continued for a second predetermined period of 
time. The monitoring device 202, for example , can 
therefore determine that a sleeping person is in bed. 
[0049] In the monitoring device 201 , the determina- 
tion unit 223 may determine that the monitored target 
202 is in the monitored target area 250 when periodic 
changes in the distance-related value has been detect- 
ed for a predetermined period of time. The monitoring 
device 201 constituted as described above determines 
that the monitored target 202 is in the monitored target 
area 250 when periodic changes in the distance-related 
value has been detected for a predetermined period of 
time. The monitoring device 202, for example, can 
therefore determine that a sleeping person is in bed. 
[0050] In the monitoring device 201, the determina- 
tion unit 223 preferably determines that the monitored 
target 202 has no changes in shape when the distance- 
related value is lower than the first threshold value Th 1x 
and determines that the monitored target 202 is in a crit- 
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ical condition when the monitored target 202 is deter- 
mined to have had no change in shape for a third pre- 
determined period of time after the monitored target202 
has been determined to be in the monitored target area 
250. 

[0051] The monitoring device 201 constituted as de- 
scribed above determines that the monitored target 202 
is in a critical condition when the monitored target 202 
is determined to have had no change in shapeforathird 
predetermined period of time after the monitored target 
202 has been determined to be in the monitored target 
area 250. Thus, for example, a critical condition of a 
sleeping person such as respiratory arrest can be de- 
termined with high reliability. 

[0052] In the monitoring device 201, the determina- 
tion unit 223 preferably determines that the monitored 
target 202 is in a critical condition when the second 
change in shape is determined to have continued for a 
fourth predetermined period of time. 
[0053] The monitoring device 201 constituted as de- 
scribed above determines that the monitored target 202 
is in a critical condition when the second change in 
shape is determined to have continued for a fourth pre- 
determined period of time. The monitoring device 201 , 
for example, can therefore determine that a sleeping 
person is in a critical condition, such as when the person 
is suffering and struggling, with high reliability. 
[0054] Preferably, the monitoring device 201 is pro- 
vided with alarm means 290 for issuing an alarm; and 
the determination unit 223 to sends an alarm signal to 
the alarm means 290 when the monitored target 202 is 
determined to be in a critical condition. 
[0055] The monitoring device 201 constituted as de- 
scribed above is provided with alarm means 290, and 
the determination unit 223 sends an alarm signal to the 
alarm means 290 when the monitored target 202 is de- 
termined to be in a critical condition. Since, for example, 
the monitoring device 201 can issue an alarm when a 
sleeping person is in a critical condition, it has high re- 
liability. 

[0056] Another object of this invention is to provide a 
monitoring device comprising a sensor211 for detecting 
a variable correlating the distance to a monitored target 
202 in a monitored target area 250; a calculating unit 
222 for calculating a distance-related value based on 
the variable output from the distance sensor 21 1 ; and a 
determination unit 223 for determining if there are 
changes in shape of the monitored target 202 based on 
the calculated distance-related value; wherein the de- 
termination unit 223 determines that the monitored tar- 
get 202 has deviated from the monitored target area 250 
when no change in shape of the monitored target 202 
can be detected within a first predetermined period of 
time after the distance-related value has exceeded the 
thirdthresholdvalueTh 3x asshown,forexample,in FIG. 
23 and FIG. 26. 

[0057] The monitoring device constituted as de- 
scribed above has a sensor 21 1 , a calculating unit 222 



and a determination unit 223. The distance-related val- 
ue is calculated based on the variable output from the 
sensor 21 1 and the presence or absence of changes in 
shape of the monitored target 202 is determined based 
on the calculated distance -related value. The monitor- 
ing device, for example, can therefore detect changes 
in a sleeping person. Also, the determination unit 223 
determines that the monitored target 202 has deviated 
from the monitored target area 250 when no change in 
1 shape of the monitored target 202 can be detected with- 
in afirst predetermined period of time after the distance- 
related value has exceeded the third threshold value 
Th 3x . The monitoring device, for example, can therefore 
detect the fact that a sleeping person has left bed. There 
can be therefore provided a monitoring device 201 
which can reliably detect changes in a person and is 
simple. 

[0058] In the monitoring device 201 , the determina- 
tion unit 223 preferably determines that the monitored 
target 202 has had a fourth change in shape when the 
distance-related value exceeds the third threshold value 
Th 3x . 

[0059] The monitoring device 201 constituted as de- 
scribe above determines that the monitored target 202 
has had a fourth change in shape when the distance- 
related value exceeds a third threshold value Th 3x . The 
monitoring device 201 , for example, therefore can de- 
tect motion of a sleeping person such as sitting-up. 
[0060] In the monitoring device 201 , the calculated 
distance-related value is preferably changes over time 
in the variable or the absolute value of the changes over 
time. 

[0061] In the monitoring device 201, the sensor 211 
(30a) has light emitting means 31a for emitting a light 
flux to the monitored target 202, an imaging optical sys- 
tem 37a for forming an image of light emission pattern 
generated on the monitored target 202 by the light emit- 
ting means 31a, a light receiving surface 38 disposed in 
the vicinity of the position where the imaging optical sys- 
tem 37a forms an image and divided into a plurality of 
light receiving regions 38a and 38b for receiving imaging 
pattern light from the formed image of the light emission 
pattern; and a position information output unit 39a for 
receiving signals from the light receiving regions 38a 
and 38b, comparing the intensities of imaging pattern 
lights incident on the light receiving regions 38a and 38b 
based on the receiving signals, and outputting informa- 
tion on the position where an imaging pattern is formed 
corresponding to the distance to the monitored target 
202 as shown, for example, in FIG. 5, FIG. 6 and FIG. 
23. 

[0062] In the monitoring device 201 constituted as de- 
scribed above, the distance sensor 211 (30a) has a light 
emitting means 31 a, an imaging optical system 37a and 
a light receiving surface 38 divided into a plurality of light 
receiving regions 38a and 38b. Thus, for example, the 
circuit configuration can be simplified and the monitoring 
device 201 can be cost-effective and simple. 
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[0063] In the monitoring device 201 , the sensor 211 
(30b) has light emitting means 31b for emitting a light 
flux to the monitored target 202, an imaging optical sys- 
tem 37b for forming an image of light emission pattern 
generated on the monitored target 202 by the light emit- 5 
ting means 31b, light receiving means 36 disposed in 
the vicinity of the position where the imaging optical sys- 
tem 37b forms an image for receiving imaging pattern 
light from the formed image of the light emission pattern; 
and a position information output unit 39b for outputting »o 
information on the position where an imaging pattern is 
formed corresponding to the distance to the monitored 
target 202 based on the position where imaging pattern 
light is formed into an image on the light receiving means 
36. is 
[0064] In the monitoring device constituted as de- 
scribed above, the sensor 21 1 (30b) has a light emitting 
means 31 b, an imaging optical system 37b and light re- 
ceiving means 36, and outputs information on the posi- 
tion where an imaging pattern is formed corresponding 20 
to the distance to the monitored target202 based on the 
position where imaging pattern light is formed into an 
image on the light receiving means 36. Thus, the mon- 
itoring device 201 can be cost-effective and simple. 
[0065] The monitoring device 201 may have a plural- 25 
ity of the sensors 21 1 . Since the monitoring device 201 
constituted as described above has a plurality of sen- 
sors 211, it can detect changes of a sleeping person 
more precisely. 

[0066] The monitoring device 201 is preferably pro- 30 
vided with presence detection means 241 for detecting 
the monitored target 202 in or in the vicinity of the mon- 
itored target area 250. The monitoring device constitut- 
ed described as above, for example, can save power 
since the powersupply to the monitoring device 201 can 35 
be cut off when the presence detecting means cannot 
detect the presence of the monitored target 202 in or in 
the vicinity of the monitored target area 250. 
[0067] Another object of this invention is to provide a 
monitoring device comprising multiple independent dis- 40 
tance sensors 11 installed facing different positions re- 
spectively within a monitored target area 50 for meas- 
uring the distances to a monitored target 2; a calculating 
unit 22 for calculating changes over time respectively in 
the outputs from the distance sensors 1 1 ; and a detec- *5 
tion processor 23 for selecting a distance sensor 11 
which detected the largest change over time within a 
predetermined period of time in the immediate past and 
detect movement or changes in shape of the monitored 
target 2 based on changes over time detected by the so 
selected distance sensor 11; wherein the detection 
processor 23 selects a distance sensor 1 1 which detect- 
ed the largest change overtime within a predetermined 
period of time after the monitored target 2 has been in 
a quietstate and detects movement orchanges in shape 55 
of the monitored target 2 based on the changes over 
time detected by the selected distance sensor 11 when 
movement of the monitored target 2 has been detected 
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as shown, for example, in FIG.1 and FIG.3. 
[0068] The monitoring device constituted as de- 
scribed above has multiple distance sensors 11 , a con- 
trol part 21 , calculating unit 22 and detection processor 
23. The multiple distance sensors 11 measure the dis- 
tances to the monitored target 2 in the monitored target 
area 50, and changes in each of the outputs from the 
distance sensors 11 are calculated. Then, a distance 
sensor 1 1 which detected the largest change over time 
within a predetermined period of time in the immediate 
past is selected and movement or periodic changes in 
shape of the monitored target 2 are detected based on 
changes over time detected by the selected distance 
sensor 11. When the detection processor 23 detects 
movement of the monitored target 2, a distance sensor 
which detected the largest change over time in a prede- 
termined period of time after the monitored target 2 has 
been in a quiet state, and changes in shape of the mon- 
itored target can be detected based on changes over 
time detected by the selected distances sensor 11 . 
[0069] This application is based on the Patent Appli- 
cation No. 2001 -181 077, filed on Jun, 15,2001 in Japan, 
No. 2002-029406, filed on February 6, 2002 in Japan, 
No. 2002-096209, filed on March 29, 2002 in Japan, the 
content of which is incorporated herein, as part thereof. 
[0070] Also, the invention can be fully understood, re- 
ferring to the following description in details. Further ex- 
tensive applications of the invention will be apparent 
from the following description in details. However, it 
should be noted that the detailed description and spe- 
cific examples are preferred embodiments of the inven- 
tion, only forthe purpose of the description thereof. Be- 
cause it is apparent for the person ordinary skilled in the 
art to modify and change in a variety of manners, within 
the scope and spirits of the invention. 
[0071 ] The applicant does not intend to dedicate any 
disclosed embodiments to the public, and to the extent 
any disclosed modifications or alterations may not liter- 
ally fall within the scope of the claims, they are consid- 
ered to be part of the invention under the doctrine of the 
equivalents. 

Brief Description of the Drawings 
[0072] 

FIG. 1 is a schematic perspective view illustrating 
the outline of a monitoring device according to a first 
embodiment of this invention; 
FIG. 2 is a schematic plan view illustrating an ex- 
ample of arrangement of monitored areas (a) and 
an example of arrangement of monitoring (b) areas 
in which the monitored areas overlap in the first em- 
bodiment of this invention; 
FIG. 3 is a block diagram illustrating a configuration 
example of the monitoring device for use in the first 
embodiment of this invention; 
FIG. 4 is a schematic side view illustrating the case 
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in which distance sensors are arranged along a 
curve in the first embodiment; 
FIG. 5 is a block diagram illustrating a configuration 
example of an infrared distance sensor using a bi- 
partite PD for use in the first embodiment of this in- s 
vention; 

FIG. 6 is a schematic view illustrating the case in 
which two PDs are used in thecase shown in FIG. 5; 
FIG. 7 is a conceptual diagram illustrating the case 
in which two PDs are used in the case shown in FIG. >o 
6; 

FIG. 8 is a table showing an example of the relation 
between the area ratio and the distance to an object 
in the case where an infrared distance sensor using 
a bipartite PD for use in the first embodiment of this '5 
invention is used; 

FIG. 9 is a schematic perspective view illustrating 
the case in which infrared distance sensors are in- 
stalled with their optical axes generally perpendic- 
ular to the monitored target area in the case shown 2 o 
in FIG. 8; 

FIG. 1 0 is a schematic view illustrating a quadripar- 
tite PD for use in the first embodiment of this inven- 
tion; 

FIG. 11 is a conceptual diagram illustrating the 25 
quadripartite PD in the case shown in FIG. 1 0; 
FIG. 1 2 is a schematic diagram illustrating the meth- 
od for calculating the distance to a monitored target 
using the infrared distance sensor for use in the first 
embodiment of this invention; 30 
FIG. 13 is a block diagram illustrating a configura- 
tion example of an infrared distance sensor using a 
PSD for use in the first embodiment of this inven- 
tion; 

FIG. 14(a) and FIG. 14(b) are a schematic plan view 35 
and a schematic front cross-sectional view illustrat- 
ing the PSD in the case shown in FIG. 13, respec- 
tively; 

FIG. 15 is a block diagram illustrating a configura- 
tion example of an ultrasonic wave sensor for use 40 
in the first embodiment of this invention; 
FIG. 16 is a block diagram illustrating a configura- 
tion example of an electromagnetic pulse distance 
sensor for use in the first embodiment of this inven- 
tion; 45 
FIG. 1 7 a block diagram illustrating a configuration 
example of a passive optical distance sensor for 
use in the first embodiment of this invention; 
FIG. 1 8 is a schematic view illustrating illumination 
patterns in the case shown in FIG. 1 7; so 
FIG. 19 a schematic view illustrating a method for 
calculating the distance to a monitored target from 
parallax between a pair of line CCD; 
FIG. 20 is a schematic view illustrating a respiration 
waveform pattern of for use in the first embodiment ss 
of this invention; 

FIG. 21 is a schematic view illustrating normal and 
abnormal respiration waveform patterns in the case 
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shown in FIG. 20; 

FIG. 22 is a table showing the names of the diseas- 
es or diseased sections corresponding to the ab- 
normal respiration waveform patterns shown in 
FIG. 21; 

FIG. 23 is a schematic perspective view illustrating 
a monitoring device according a second embodi- 
ment of this invention; 

FIG. 24 is a schematic perspective view illustrating 
a case in which a casing of the monitoring device is 
mounted on a stand; 

FIG. 25 is a schematic plan view illustrating an ex- 
ample of arrangement of monitored areas (a) and 
an example of arrangement of monitored areas (b) 
in which the monitored areas overlap in the second 
embodiment of this invention; 
FIG. 26 is a block diagram illustrating a configura- 
tion example of the monitoring device for use in the 
second embodiment of this invention; 
FIG. 27 is a graph showing an example of a wave- 
form pattern of changes over time for use in the sec- 
ond embodiment of this invention; 
FIG. 28 is a graph showing an example of a wave- 
form pattern of distance displacement from a refer- 
ence position; and 

FIG. 29 is a schematic view illustrating normal and 
abnormal respiration waveform patterns for use In 
the second embodiment of this invention. 

Best Mode for Carrying Out the Invention 

[0073] Description will be hereinafter made of embod- 
iments of this invention with reference to the drawings. 
The same or corresponding components are denoted in 
all the drawings by the same or similar numerals and 
overlapping descriptions will be omitted. 
[0074] FIG. 1 is a schematic perspective view of a 
monitoring device 1 as a first embodiment of this inven- 
tion. As shown in the drawing, a sleeping person 2 as a 
monitored target which shows periodic changes lies on 
the upper side of a bed 6 as a monitored target area 
(which will be hereinafter referred to as "monitored area 
50"). A bed cloth 3 is laid overthe sleeping person 2 and 
covers part of the sleeping person 2 and part of the bed 
6. Namely, The monitoring device 1 monitors the upper 
surface of the bed cloth 3. The bed cloth 3 may not be 
used and the monitoring device 1 may monitorthe body 
of the sleeping person 2. In this embodiment, a change 
in shape is a continuous change, and the continuous 
change is a concept including periodic and transitional 
change. Changes in shape of the sleeping person 2 are 
periodic changes or transitional changes of the sleeping 
person 2, for example. An example of periodic changes 
of the sleeping person 2 is respiration of the sleeping 
person 2. Examples of transitional changes of the sleep- 
ing person 2 are motion and movement of the sleeping 
person 2. Periodic changes are changes with a cycle 
equivalent to that of respiration of a sleeping person 
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such as a cycle of 5 to 30 times per minute. Namely, the 
periodic changes in this embodiment do not include pe- 
riodic changes with a cycle which is considerably differ- 
ent from that of respiration. The respiratory rate of an 
adult is in a range of 5 to 60 times per minute, and an 
infant tends to breath at a higher rate. 
[0075] The monitoring device 1 is configured to deter- 
mine the condition of the sleeping person 2 based on 
detected changes in shape of the sleeping person 2. 
The condition of the sleeping person 2 is , for example, 
whether it is breathing normally or it is breathing abnor- 
mally and thus in a critical condition, whether it is making 
a motion such as rolling, whether it is making movement 
such as entering or leaving the bed, and so on. 
[0076] A casing 10 including a plurality of distance 
sensors 11 for measuring the distance to the sleeping 
person 2 in the monitored area 50 is mounted on a stand 

4 as shown in the drawing. In the casing 1 0, the plurality 
of distance sensors 11 are provided corresponding to a 
plurality of points to be monitored (which will be herein- 
after referred to as "objective points"). The casing 10 
(distance sensors 11), which is mounted on the stand 4 
in this embodiment, may be installed on a wall or ceiling, 
if possible. The installation position may be determined 
depending upon the purpose and the type of the moni- 
toring device. The stand 4 is movable and thus makes 
placement of the casing 1 0 easy. The distance sensors 
11 are preferably arranged in at least two rows in the 
casing 10. 

[0077] Description will be made of the objective points 
with reference to examples of arrangement of objective 
points in the schematic plan view of FIG. 2, and with 
reference to FIG. 1 when necessary. As shown in FIG. 
2(a), a plurality of objective points corresponding to a 
plurality of distance sensors 1 1 are arranged in such a 
manner that they do not overlap with adjacent objective 
points. In this case, objective points 51 , 52, 53, 54, 55 
and 56 (which will be hereinafter referred to as "objec- 
tive points 5" when they are not mentioned separately) 
are arranged in a grid pattern in the monitored area 50 
in such a manner that they do not overlap with each oth- 
er as shown, for example, in the drawing. The objective 
points 5 are preferably arranged throughout an area 
which covers the area in which the chest, abdomen, 
back and shoulders of the sleeping person 2 on the bed 
6 (under the bed cloth 3) can possibly move while it is 
sleeping. Although the objective points 5 are arranged 
in a matrix of three rows by two columns (which will be 
hereinafter represented as "3 x 2") in this embodiment, 
the number of the objective points 5 can be determined 
depending upon conditions such as the place and the 
sleeping person 2 to be monitored. The objective points 

5 may be arranged in, for example, 3 x 3 or 4 x 4. In 
the case where a plurality of the objective points 5 are 
arranged as described above, even when emission type 
sensors which measure distance by emitting light or ul- 
trasonic waves are used as the distance sensors 1 1 , dis- 
tance sensors 11 corresponding to objective points 5 ad- 
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jacent to each other does not have to be so controlled 
as not to make emission simultaneously as described 
later. The monitoring device 1 can therefore be simple 
in structure. 

s [0078] As shown in an example of arrangement of ob- 
jective points 5 shown in the schematic plan view of Fig. 
2(b), adjacent objective points 5 may overlap with each 
other. In this case, since blind areas in the monitored 
area 50 can be reduced, monitoring can be performed 

io with higher precision. When emission type sensors 
which measure distance by emitting light or ultrasonic 
waves are used as the distance sensors 1 1 , the distance 
sensors 1 1 corresponding to the objective points 5 over- 
lapping with each other must be so controlled as not to 

'5 make emission simultaneously so that they cannot be 
influenced by each other. This is because when a plu- 
rality of distance sensors 11 emit light, for example, si- 
multaneously, light emitted from other distance sensors 
11 is mixed with the light which must be received and 

20 makes it difficult to measure the distance to the corre- 
sponding objective points 5. 

[0079] In the case where hereinafter described infra- 
red distance sensors 30a (see Fig. 5) are used as the 
distance sensors 1 1 , when the infrared distance sensors 
25 30a emit light fluxes with different wavelengths and 
hereinafter described light receiving lenses 37a are con- 
figured to transmit light in a wavelength band corre- 
sponding to that of the emitted beam light as described 
later by means of coating, for example, the distance sen- 
se sors 30a do not have to be so controlled as not to make 
emissions simultaneously even when adjacent objec- 
tive points 5 overlap with each other. Also, when the light 
sources of the emitted light flux are blinked at prescribed 
frequencies, which are different from each other among 
35 the distance sensors 30a and hereinafter described 
electric band pass filters for extracting signals with the 
frequencies are provided with the distance sensor 11, 
the distance sensors 30a do not have to be so controlled 
as not to make emissions simultaneously even when ad- 
40 jacent objective points 5 overlap with each other. 

[0080] Here, the operation control in the case where 
emission type sensors are used as the distance sensors 
1 1 and the objective points 5 corresponding to a plurality 
of the distance sensors 1 1 are overlapped with each oth- 
45 er as shown in Fig. 2(b) will be described. The control 
is performed by a control part 21 of a hereinafter de- 
scribed control unit 20. When emission type distance 
sensors are used, each of the distance sensors 11 is 
controlled to measure the distance after another has fin- 
so ished measurement. Namely, the plurality of distance 
sensors 11 are so controlled as not to measure the dis- 
tance simultaneously. Such operation is repeated until 
all the distance sensors 11 finish measuring the dis- 
tance. This series of operations is defined as one cycle, 
55 and the time for one cycle is defined as T. 

[0081] When the distance sensors 1 1 are not so con- 
trolled as to measure the distance one after another but 
so controlled as not to measure the distances to adja- 
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cent objective points 5 simultaneously (for example, the 
distance sensors 11 are controlled to measure the dis- 
tances to every other objective points 5 simultaneously), 
it is possible to allow a plurality of distance sensors 1 1 
to measure the distance simultaneously. The time T for s 
one cycle can thereby be considerably reduced. 
[0082] Description will be made of an example of the 
configuration of the monitoring device 1 with reference 
to FIG. 3. The monitoring device 1 comprises a casing 

1 0 in which a plurality of distance sensors are installed 10 
and a control unit 20. The control unit 20 is typically a 
personal computer or a microcomputer. The plurality of 
distance sensors 11 are connected to the control unit 20 
and configured to output distance information as outputs 
therefrom to the control unit 20. The distance informa- '5 
tion herein is an output valuefrom each distance sensor 

1 1 before calculation of the real distance but may be the 
distance to the object (sleeping person 2). This will be 
hereinafter referred to simply as "distance". Description 

will be hereinafter made using the term "distance". The 20 
distance is preferably obtained from each distance sen- 
sor 11 in time series. The distance sensors 11 and the 
control unit 20, which are shown as being separate in 
the drawing, may be integrated together. 
[0083] The distance sensors 11 in this embodiment 25 
are arranged in 3 x 2 in the casing 1 0 corresponding to 
monitored areas 6 arranged in 3 x 2 as described with 
FIG. 2. 

[0084] Though The distance sensors 11 are typically 
aligned in the casing 1 0, the casing 1 0 may be curved so 
as is a casing 10' shown in the schematic view of FIG. 
4. In this case, the distance sensors 11 are arranged 
along the curve. When the casing 1 0' is used, the wide 
monitored area 50 can be easily obtained even when 
the casing 1 0' is small. The casing 1 0' enables the dis- 35 
tance sensors 11 to be arranged in such a manner that 
adjacent objective points 5 do not overlap with each oth- 
er with ease even when the casing 10' is small. Thus, 
the device can be small in size. 

[0085] Description will be made of the distance sen- *o 
sors 11 further in detail. As the distance sensors 11, in- 
frared emitting distance sensors, ultrasonic wave sen- 
sors, electromagnetic pulse distance sensors, passive 
optical distance sensors orthe like can be used. Among 
them, infrared emitting distance sensors, ultrasonic 4S 
wave sensors, and electromagnetic pulse distance sen- 
sors are emission type sensors. As the distance sensors 
11, relatively simple and inexpensive sensors such as 
sensors used in auto-focus cameras are preferably 
used. By using such distance sensors 1 1 , the monitoring so 
device 1 can be simple and cost-effective. Description 
will be made of an infrared distance sensor, an ultrason- 
ic wave sensor, an electromagnetic pulse distance sen- 
sor, and a passive optical distance sensor as examples 
of the distance sensor 11 with reference to drawings. ss 
[0086] Referring to Fig. 5, an infrared emitting dis- 
tance sensor will be described. Here, description will be 
made of an infrared emitting distance sensor 30 (which 
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will be hereinafter referred to as "infrared distance sen- 
sor 30") as an example of the distance sensor 1 1 . The 
infrared distance sensor 30 is an active optical sensor, 
as it is called. As the infrared distance sensor 30, a sen- 
sor using a photodetector divided into a plurality of light 
receiving regions (which will be hereinafter referred to 
as "multipartite PD") or a sensor using a position detec- 
tion element (which will be hereinafter referred to as 
"PSD") can be used. A sensor using a multipartite PD 
is hereinafter referred to as "infrared distance sensor 
30a" and a sensor using a PSD is hereinafter referred 
to as "infrared distance sensor 30b". When they are not 
separated, the term "infrared distance sensor 30" will be 
used. 

[0087] As shown in the block diagram of FIG. 5, the 
infrared distance sensor 30a using a multipartite PD 
comprises an infrared light emitting part 31 a as light 
emitting means for emitting a light flux to the sleeping 
person 2, an infrared light receiving part 32a, and a sen- 
sor control part 33a for controlling the entire infrared dis- 
tance sensor 30a. The sensor control part 33a may be 
incorporated in the control part 21 of the control unit 20 
(see FIG. 3). 

[0088] The infrared light emitting part 31 a has an in- 
frared LED 34a and an emission lens 35a. An infrared 
light flux emitted from the infrared LED 34a (which will 
be hereinafter referred to as "beam" as necessary) is 
emitted to the sleeping person 2 via the emission lens 
35a as a narrow collimated light flux. A collimated light 
flux herein need to be substantially collimated and in- 
cludes an approximately collimated light flux. The infra- 
red light receiving part 32a has a light receiving lens 37a 
as an imaging optical system for forming an image of a 
light emission pattern generated on the sleeping person 
2 by the infrared light emitting part 31a, and a multipar- 
tite PD 38 as a light receiving surface disposed in the 
vicinity of the position where the light receiving lens 37a 
forms an image and divided into a plurality of light re- 
ceiving regions for receiving imaging pattern light from 
the formed image of the light emission pattern. Here, the 
multipartite PD 38 is divided into two light receiving re- 
gions (which will be hereinafter referred to as "bipartite 
PD 38"). 

[0089] The infrared distance sensor 30a also has a 
position information output part 39a as a position infor- 
mation output unit configured to receive signals from 
each of the light receiving regions, compare the inten- 
sities of imaging pattern lights incident on each of the 
light receiving regions based on the signals each other, 
and output information on the position where an imaging 
pattern is formed corresponding to the distance to the 
sleeping person 2. The position information output part 
39a is incorporated in the sensorcontrol part 33a. Here, 
the light flux is beam light, for example, and the light 
emission pattern made by the light flux is a beam light 
spot. And the imaging pattern light is light incident on 
the bipartite PD 38 of reflected light from the sleeping 
person 2. The reflected light is from a beam light spot 
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formed on the sleeping person 2. The imaging pattern 
is an image of the beam light spot on the sleeping person 
2 formed by the light receiving lens 37a. Namely, the 
imaging pattern here is a generally circular image. 
[0090] Referring now to FIG. 6 and FIG. 7, the bipar- 5 
tite PD 38 will be described. As shown in FIG. 6, the 
bipartite PD 38 is divided into two light receiving regions 
38a and 38b arranged on a substrate 38c side by side. 
The dividing direction is generally normal to a direction 
in which the imaging pattern moves with change in the 10 
distance (the lateral direction in the drawing). In other 
words, the bipartite PD 38 is divided such that the divid- 
ed light receiving regions 38a and 38b align in the direc- 
tion in which the imaging pattern moves with change in 
the distance. '5 
[0091] When imaging pattern light reflected on the 
sleeping person 2 is formed into an image across the 
light receiving regions 38a and 38b by the light receiving 
lens 37a, currents are generated in each of the light re- 
ceiving regions. 20 
[0092] As shown in FIG. 7, an individual l-V conver- 
sion amplifier 39d is connected to each of the light re- 
ceiving regions 38a and 38b. The current values gener- 
ated respectively in the light receiving regions 38a and 
38b are converted into voltage values by the l-V conver- 2s 
sion amplifier 39d and input into a comparison circuit 
39c. The comparison circuit 39c obtains the ratio of the 
voltage values to calculate information on the position 
where an imaging pattern is formed into an image, 
namely the distance. The l-V conversion amplifiers 39d so 
and the comparison circuit 39c are both incorporated in 
the position information output part 39a. In the case of 
the bipartite PD 38, the light receiving area of the bipar- 
tite PD 38 is preferably larger than the diameter of the 
imaging pattern (pattern diameter) having a generally 35 
circular shape so that even when the distance to the ob- 
ject varies and the pattern diameter is increased, the im- 
aging pattern can not move off the bipartite PD 38 and 
the distance can be measured with stability and preci- 
sion. 4° 
[0093] Here, the bipartite PD 38 generates current 
proportional to the light quantity (intensity) of the imag- 
ing pattern light. Thus, the voltage values converted by 
the i-V conversion amplifiers 39d from the currents out- 
put from the light receiving regions 38a and 38b can be « 
regarded as the areas of the imaging patterns formed 
on the light receiving regions 38a and 38b, respectively. 
Namely, the ratio of the voltage values can be regarded 
as the ratio of the areas of the imaging patterns formed 
on the light receiving regions 38a and 38b. The area ra- so 
tio varies when the distance to the object is changed 
and the imaging pattern is moved. Namely, the area ratio 
can be regarded as a position equivalent value of the 
imaging pattern. Thus, the area ratio, namely the ratio 
of the voltage values, can be used as information on the ss 
position where an imaging pattern is formed, namely the 
distance. 

[0094] FIG. 8 shows an example of the relation be- 
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tween the area ratio and the distance to the object. Here, 
the infrared distance sensors 30a are installed with their 
optical axes generally normal to the monitored area 50 
(see FIG. 1) as shown in FIG. 9. Although the objective 
points 5 are arranged in 3 x 3 in the drawing, the number 
of the objective points may be determined appropriately 
as described with FIG. 2. The imaging pattern on the 
light receiving region 38a is defined as region A, and the 
imaging pattern on the light receiving region 38b is de- 
fined as region B. The baseline length is the distance 
between the optical axes of the emission lens 35a and 
the light receiving lens 37a, the beam light diameter is 
the diameter of the beam light emitted from the emission 
lens 35a, the sensor installation height is the distance 
from the light receiving lens 37a to the monitored area 
50 (the upper surface of the bed 6), the focal length is 
the focal length of the light receiving lens 37a, and the 
image distance is the distance from the light receiving 
lens 37a to the imaging surface of the bipartite PD 38. 
The bipartite PD 38 has two 4 mm x4 mm light receiving 
regions. 

[0095] Although the multipartite PD 38 is divided into 
two light receiving regions in the above description, the 
multipartite PD 38 may be divided into more than two 
light receiving regions or constituted of non-divided PDs 
arranged side by side. 

[0096] Here, the multipartite PD 38 is divided into four 
light receiving regions as shown in FIG. 10 and FIG. 11 
(which will be hereinafter referred to as quadripartite PD 
38'). As in the case with the bipartite PD 38, the quad- 
ripartite PD 38' is divided into four light receiving regions 
38d, 38e, 38f, and 38g arranged side by side on a sub- 
strate 38c as shown in FIG. 10. When imaging pattern 
light reflected on the sleeping person 2 is formed into 
an image on the quadripartite PD 38' by the light receiv- 
ing lens 37a, currents are generated in each of the light 
receiving regions. 

[0097] As shown in FIG. 11 , an individual l-V conver- 
sion amplifier 39d is connected to each of the light re- 
ceiving regions 38d, 38e, 38f, and 38g. The current val- 
ues generated respectively in the light receiving regions 
are converted into voltage values by the l-V conversion 
amplifiers 39d and input into a comparison circuit 39c. 
The comparison circuit 39c compares the voltage val- 
ues to calculate information on the position where an 
imaging pattern is formed, namely the distance. The 
comparison circuit 39c preferably obtains the ratio of the 
two largest values among the outputs from the light re- 
ceiving regions 38d, 38e, 38f, and 38g in calculating the 
information on the position where an imaging pattern is 
formed. 

[0098] The number of division of the light receiving 
surface 38 is preferably 10 or less, more preferably 4 or 
less, most preferably 2. By limiting the number of divi- 
sion, the number of auxiliary devices such as the l-V 
conversion amplifiers 39d is limited and the structure 
can be simplified. 

[0099] In the case where a multipartite PD 38 divided 
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into three or more light receiving regions as shown in 
FIG. 1 0 is used, even when the imaging pattern is largely 
moved and deviated from two of the light receiving re- 
gions, namely even when the distance to the measuring 
object is largely varied, the information on the position 
where an imaging pattern is formed can be calculated 
with the other two light receiving regions. 
[0100] Also, when a multipartite PD 38 divided into 
three or more light receiving regions is used, the width 
of one light receiving region in the direction in which the 
imaging pattern moves with changes in the distance (lat- 
eral direction in the drawing) is preferably smaller than 
the pattern diameter. This is to prevent a situation where 
the imaging pattern does not extend across at least two 
light receiving regions but falls within one light receiving 
region and the ratio of voltage values does notvary even 
when the imaging pattern moves. Namely, occurrence 
of a situation where the ratio of voltage values does not 
vary even when the imaging pattern moves can be pre- 
vented and the distance can be measured with stability 
and precision. A telecentric optical system may be used 
as the light receiving lens 37a. In this case, since the 
pattern diameter is constant even when the distance to 
the object is varied, the voltage ratio is varied only by 
the movement of the imaging pattern and the calculation 
can be simplified. A telecentric optical system is a tele- 
scope optical system in which an aperture is located at 
one of the focal points of the objective lens. When the 
bipartite PD 38 is used, a telecentric optical system may 
also be used as the light receiving lens 37a. 
[01 01] Description will be made of the case where the 
bipartite PD 38 is used. 

[0102] Referring again to FIG. 5, the infrared distance 
sensor 30a will be described in further detail. The light 
receiving lens 37a is coated with a coating which trans- 
mits only light in the wavelength band of the emitted 
beam light. Thus, the infrared distance sensor 30a can 
perform position detection without being significantly af- 
fected by disturbing lights. Although the light flux is a 
narrow collimated light flux in the above description, the 
light flux need to be substantially collimated and may be 
diffused or converged to some extent, to such an extent 
that the size of the imaging pattern on the bipartite PD 
38 is appropriate and does not influence the detection 
of information on the position where an imaging pattern 
is formed. 

[0103] The infrared light emitting parts 31a of the in- 
frared distance sensors 30a may be made to emit beam 
light with different wavelengths. In this case, the light 
receiving lenses 37a are coated with a coating which 
transmits beam light in a wavelength band correspond- 
ing to that of the emitted beam light. The beam lights 
are not thereby influenced by adjacent beam lights even 
when adjacent beam lights overlap with each other as 
described with FIG. 2(b), and the infrared distance sen- 
sors 30a does not have to be so controlled as not to 
make emission simultaneously. Thus, the monitoring 
device can be simplified. The infrared LED 34a (light 



sources) of the infrared distance sensor 30a may be 
blinked at a frequency and the infrared light receiving 
part 32a may be provided with an electric band pass fil- 
ter which extracts only signals of the frequency. The in- 
fluences of disturbing lights can thereby be reduced. 
When the modulation frequency is changed for each 
sensor, the beam lights are not influenced by adjacent 
beam lights even when adjacent beam lights overlap 
with each other as described with FIG. 2(b). Thus, the 
infrared distance sensors 30a do not have to be so con- 
trolled as not to make emission simultaneously even 
when adjacent beam lights overlap with each other, and 
the monitoring device can be simplified. Synchronous 
detection by which polarities of the amplifier of the infra- 
red light receiving part 32a are switched in synchroni- 
zation with the timing of emission of the infrared LED 
34a may be preferably performed. 
[0104] The infrared distance sensor 30a uses infrared 
ray as the beam emitted, which is invisible to human 
eyes and thus does not give an uncomfortable feeling. 
The infrared distance sensor 30a may be one in which 
the PSD of a hereinafter described infrared distance 
sensor 30b using a PSD is changed to a bipartite PD 38. 
[01 05] As has been described previously, the infrared 
distance sensor 30a using the bipartite PD 38 can sim- 
plify the circuit configuration. Thus, a cost-effective and 
simple monitoring device can be achieved. Especially, 
when the number of division is two, the circuit configu- 
ration can be significantly simplified. Thus, a cost-effec- 
tive and simple monitoring device can be achieved. 
[0106] The sensor control part 33a of the infrared dis- 
tance sensor 30a performs modulation in detecting in- 
formation on the position where an imaging pattern is 
formed to distinguish the imaging pattern from disturb- 
ing lights. The modulation, for example, is an operation 
that interrupts the emission of the beam light periodically 
and repeatedly. In this case, the interruption, for exam- 
ple, may be by turning off the light source or by rotating 
a shielding plate or a slit. Also, the intensity of the beam 
light may be varied through the modulation depending 
on the intensity of disturbing lights. And the sensor con- 
trol part 33a subtracts the output value of the bipartite 
PD 38 at the time when it is not emitting the beam light 
from the output value of the bipartite PD 38 at the time 
when it is emitting the beam light to obtain an output 
value. The sensor control part 33a performs such an op- 
eration a plurality of times and adopts the average of the 
output values as the information on the position where 
an imaging pattern is formed (which will be hereinafter 
referred to as "distance measuring signal") to improve 
reliability. The sensorcontrol part 33a outputs a distance 
measuring signal value x which is the value of the dis- 
tance measuring signal as the distance to the control 
unit 20. 

[0107] As shown in the schematic view of FIG. 12, the 
distance value A to the sleeping person 2 as the object 
can be calculated by the following equation using trigo- 
nometry based on the distance measuring signal x: 



12 



E 1 1 + r as03\firmd }a\lp\F OLEYPat\PatentDocuments\EP001410755.CPC1 



Page 13 of 61 



A = fxw/(x-b) (1) 

wherein f is the focal distance of the light receiving lens 
37a of the infrared light receiving part 32a in the case 5 
where the light receiving lens 37a is a single lens, w is 
the distance between the infrared LED 34a and the bi- 
partite PD 38, in other words, the distance between the 
optical axes of the emission lens 35a and the light re- 
ceiving lens 37a (baseline length), and b is a bias value 10 
which depends on the arrangement of the light receiving 
element of the PD 38. When a combination lens used in 
general is used, the focal distance is the focal distance 
of the combination lens. The distance value A is prefer- 
ably calculated by the control part 21 of the control unit »s 
20. 

[0108] The infrared distance sensor 30a, which out- 
puts the distance measuring signal x as the distance in 
the above description, may output the distance value A 
calculated by the above method. 20 
[0109] Description will be made of the infrared dis- 
tance sensor 30b using a PSD with reference to the 
block diagram of FIG. 13. The infrared distance sensor 
30b comprises an infrared light emitting part 31 b as light 
emitting means for emitting a light flux to the sleeping 2s 
person 2, an infrared light receiving part 32b, and a sen- 
sor control part 33b for controlling the entire infrared dis- 
tance sensor 30b. The sensor control part 33b may be 
incorporated in the control part 21 of the control unit 20 
(see FIG. 3). so 
[0110] The infrared light emitting part 31b has an in- 
frared LED 34b and an emission lens 35b. An infrared 
light flux emitted from the infrared LED 34b is emitted to 
the sleeping person 2 via the emission lens 35b as a 
narrow beam of a collimated light flux. The infrared light 35 
receiving part 32b has a light receiving lens 37b as an 
imaging optical system for forming an image of a light 
emission pattern generated on the sleeping person 2 by 
the infrared light emitting part 31b, and a one-dimen- 
sional PSD 36 as light receiving means disposed in the *o 
vicinity of the position where the light receiving lens 37b 
forms an image for receiving imaging pattern light from 
the formed image of the light emission pattern. The in- 
frared distance sensor 30b also has a position informa- 
tion output part 39b as a position information output unit *s 
configured to output information on the position where 
an imaging pattern is formed corresponding to the dis- 
tance to the sleeping person 2 based on the position 
where imaging pattern light is formed into an image on 
the PSD 36. The position information output part 39b is so 
incorporated in the sensor control part 33b. Here, the 
light flux is beam light as in the case with the infrared 
light emitting part 31a and the light emission pattern 
made by the light flux is a beam light spot. Hereinbelow, 
the embodiment is described where the imaging pattern 55 
is an image of the beam light spot. 
[0111] The light receiving lens 37b is coated with a 
coating which transmits light in a wavelength band of 
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the emitted light. Thus, the infrared distance sensor 30b 
can perform position detection without being significant- 
ly affected by disturbing lights. Although the light flux is 
a narrow collimated light flux in the above description, 
the light flux need to be substantially collimated and may 
be diffused or converged to some extent, to such an ex- 
tent that the size of the imaging pattern on the PSD 36, 
which will be described later, is appropriate and does 
not influence the detection of the location of the center 
of gravity. 

[0112] Description will be made of the PSD 36 in fur- 
therdetailwith reference to FIG. 14. FIG. 14(a) isasche- 
matic plan view of the PSD 36 and FIG. 1 4(b) is a sche- 
matic cross-sectional front view of the PSD 36. As 
shown in FIG. 14(a), the PSD 36 has a light receiving 
area which is larger than the imaging pattern, and has 
such a length in the direction which the imaging pattern 
moves with changes in the distance (the lateral direction 
in the drawing) that the image forming pattern does not 
move off the light receiving area when the image forming 
pattern moves within a necessary distance measuring 
range. 

[01 1 3] As shown in FIG. 1 4(b), the PSD 36 comprises 
a P Iayer36a provided on the image pattern light receiv- 
ing side of a silicon plate, an N layer provided on the 
side opposite the P layer, and an I layer 36c interposed 
between the P layer 36a and the N layer 36b. The im- 
aging pattern formed on the PSD 36 is converted into 
photoelectricity and separately output from electrodes 
36d attached on both sides of the P layer 36a. 
[0114] The infrared distance sensor 30b has the po- 
sition information output part 39b which performs an op- 
eration of the output signals of the photoelectricity out- 
put from the both sides of the PSD 36 and outputs the 
location of the center of gravity of the imaging pattern 
as information on the position where an imaging pattern 
is formed, and thus can measure the distance to the 
sleeping person 2 as described later. The beam light 
emitted from the infrared distance sensor 30b is invisible 
to human eyes since it is infrared light and thus does not 
give uncomfortable feeling. 

[0115] The sensor co ntrol part 33b of the infrared dis- 
tance sensor 30b performs modulation when the PSD 
36 detects the location of the center of gravity of the im- 
aging pattern to distinguish it from disturbing lights. The 
modulation is an operation similarto the modulation de- 
scribed in the description of the infrared distance sensor 
30a. The sensor control part 33b performs the modula- 
tion operation a plurality of times and adopts the aver- 
age of the output values as a gravity center complemen- 
tary signal (which will be hereinafter referred to as "dis- 
tance measuring signal"), which is the information on 
the position where an imaging pattern is formed, to im- 
prove reliability. The sensorcontrol part 33 outputs a dis- 
tance measuring signal value x, which is the value of the 
distance measuring signal, as the distance to the control 
unit 20. The distance value A to the sleeping person 2 
as the object can be calculated by the same method as 
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described with FIG. 1 2 using trigonometry based on the 
distance measuring signal x. As in the case with the in- 
frared sensor 30a, the infrared distance sensor 30b, 
which outputs the distance measuring signal x as the 
distance in the above description, may output the dis- 5 
tance value A calculated by the above method. 
[0116] Since the infrared distance sensor 30b can be 
constituted in a simple manner by using the PSD 36, a 
cost-effective and simple monitoring device can be 
achieved. 10 
[0117] Although the distance measuring signal x out- 
put from each of the infrared distance sensors 30 is 
modulated as described above, influences of disturbing 
lights still remain slightly in the distance measuring sig- 
nal x and the signal is fluctuating. To absorb the fluctu- is 
ation, the average of the distance measuring signals x 
obtained in time series is calculated and adopted as da- 
ta at the moment. The data may be the average value 
of the distance values A calculated from the distance 
measuring signal values x or may be a height H2, which 20 
is the average value of hereinafter described heights H 1 
calculated from the distance values A or a length L2, 
which is the average value of hereinafter described 
lengths L1 calculated from the distance values A. There 
are several methods for obtaining the average value. 25 
The average value may be the average of data obtained 
in a predetermined period of time orthe moving average 
value calculated in time series from a predetermined 
number of data. The former method needs only a small 
number of data and thus is suitable to grasp the condi- 30 
tion roughly. The latter method needs a large number of 
data but Is suitable to keep track of minute movement. 
[0118] Description will be made of an ultrasonic wave 
sensor 70 in the embodiment of this invention with ref- 
erence to the block diagram of FIG. 1 5. The ultrasonic 35 
wave sensor 70 comprises an ultrasonic wave transmit- 
ting part 71 as an ultrasonic wave generator, an ultra- 
sonic wave receiving part 72 as an ultrasonic wave re- 
ceiver, and a sensor control part 73. The sensor control 
part 73 has a distance calculating part 74 forcalculating 40 
the distance to the sleeping person 2 from the time dif- 
ference between the transmission from the ultrasonic 
wave transmitting part 71 and the reception by the ul- 
trasonic wave receiving part 72. The sensor control part 
73 may be incorporated in the control part 21 of the con- *s 
trol unit 20. The ultrasonic wave transmitting part 71 and 
the ultrasonic wave receiving part 72, which are sepa- 
rate in this embodiment, may be integrated together. 
The distance to the sleeping person 2 calculated by the 
distance calculating part 74 may be the time difference, so 
This is because the distance to the sleeping person 2 
can be linearly obtained from the time difference and the 
changes in the time difference can be regarded as 
changes in the distance. 

[0119] The ultrasonic wave transmitting part 71 has 55 
means for generating ultrasonic waves comprising a 
material which exhibits a piezoelectric effect such as pi- 
ezoelectric ceramic held by a metal plate orthe like (vi- 
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brator). When signal voltage is applied to the vibrator, 
the vibrator flexurally vibrated and generates ultrasonic 
waves. The ultrasonic wave receiving part 72 has a vi- 
brator as receiving means, which is vibrated by, reflect- 
ed ultrasonic waves and outputs electricity. When the 
ultrasonic wave sensor can detect the time difference 
between the transmission and the reception by intermit- 
tently generating ultrasonic waves and detecting reflect- 
ed signal waves, the distance to the sleeping person 2 
can be obtained since the sound speed is known. In this 
case, it is possible to detect the closest reflection or 
measure an average distance to the emission region, 
although it depends on the way of processing the signals 
after the detection. 

[01 20] Description will be made of an electromagnetic 
pulse distance sensor 80 in the embodiment of this in- 
vention with reference to the block diagram of FIG. 16. 
The electromagnetic pulse sensor 80 comprises an 
electromagnetic wave transmitting and receiving part 81 
and a sensor control part 82. The electromagnetic wave 
transmitting and receiving part 81 , which has an anten- 
na, transmits pulse modulated electromagnetic waves 
toward the sleeping person 2 and receives electromag- 
netic waves reflected on the sleeping person 2. The sen- 
sor control part 82 has a distance calculating part 83 for 
calculating the distance to the sleeping person 2 based 
on the time difference between the transmission and re- 
ception of the electromagnetic waves. The sensor con- 
trol part 82 may be incorporated in the control part 21 of 
the control unit 20. The electromagnetic wave transmit- 
ting and receiving part 81 may be separated into an elec- 
tromagnetic pulse transmitting part and an electromag- 
netic wave receiving part. The distance to the sleeping 
person 2 may be the time difference as in the case with 
the ultrasonic wave sensor 70. The electromagnetic 
waves are typically microwaves of about 1 0 GHz. 
[0121] The electromagnetic pulse distance sensor 80 
using microwaves as the electromagnetic wave has a 
directivity which is higherthan that of an ultrasonic wave 
distance sensor and thus can measure the correspond- 
ing objective point 5 with pinpoint accuracy. Also, since 
the electromagnetic pulse distance sensor 80 measures 
the distance based on the electromagnetic wave re- 
turned in the shortest period of time among the electro- 
magnetic waves reflected on the object, it does not 
measure the distance erroneously, for example, al- 
though an infrared distance sensor does when an imag- 
ing beam light on the PSD moves off. Also, the electro- 
magnetic pulse distance sensor 80 is not affected by 
strong contrast (such as a stripe pattern) in the emission 
region, although an infrared distance sensor is. In addi- 
tion, the electromagnetic pulse distance sensor 80 can 
be easily downsized. 

[0122] The infrared distance sensor 30, the ultrasonic 
wave sensor 70, and the electromagnetic wave pulse 
sensor 80 described above are emission type sensors. 
[0123] Description will be made of a passive optical 
distance sensor 40 with reference to the block diagram 
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of FIG. 1 7. The passive optical distance sensor 40 com- 
prises a first light receiving part 41 and a second light 
receiving part 42 as imaging devices for receiving light 
from the sleeping person 2, and a sensor control part 
43. The first light receiving part 41 and the second light s 
receiving part 42 have light receiving lenses 44a and 
44b, respectively, and a first line CCD 45 and a second 
line CCD 46, respectively, as a pair of image pickup el- 
ement. Light from the sleeping person 2 is formed into 
images on thefirst line CCD 45 and the second lineCCD 10 
46 via the light receiving lenses 44a and 44b, respec- 
tively. The light from the sleeping person 2 is typically 
light irradiated on the sleeping person 2 and reflected 
thereon. The irradiated light may be natural light or ar- 
tificial light. is 
[0124] As shown in FIG. 18, the passive optical dis- 
tance sensor 40 may have illumination pattern emitting 
means (not shown) for emitting illumination light having 
a specific intensity pattern to the monitored area 50. In 
this case, the illumination pattern must not have a peri- 20 
odic structure so that a plurality of correlation peak po- 
sitions described later will not appear. Namely, an ape- 
riodic illumination pattern is preferably used. The aperi- 
odic illumination pattern can be constituted of a plurality 
of aperiodic luminescent spots as shown in FIG. 18(a). 25 
Furthermore, the luminescent spots may have different 
sizes. Also, the aperiodic illumination pattern may be 
constituted of one or a plurality of aperiodic slit beams 
as shown in FIG. 1 8(b). In addition, the slit beams may 
have different intervals therebetween. In this case, the 30 
slit beams are preferably generally normal to the base- 
line direction of the distance sensors 1 1 as shown in the 
drawing. The passive optical distance sensor 40 can 
thereby prevent inaccurate correlation processing de- 
scribed later and perform accurate measurement even as 
when the contrast of the objective point 5 is low or the 
object in the objective point 5 has a periodic structure 
(stripe pattern, for example). 

[0125] The sensor control part 43 has a correlation 
output calculating part 48 as a correlation output calcu- to 
lating unit for calculating a correlation output value be- 
tween the outputs from the first line CCD 45 and the sec- 
ond line CCD 46 respectively. Also, the sensor control 
part 43 may be incorporated in the control part 21 of the 
control unit 20. Furthermore, a difference image forming ts 
part 47 as a difference image forming unit for forming a 
difference image between images obtained from each 
of the first line CCD 45 and the second line CCD 46 at 
a time interval is preferably provided in the sensor con- 
trol part 43. Thus, the sensor control part 43 can extract so 
an image of the sleeping person 2 with movement from 
images obtained from the first line CCD 45 and the sec- 
ond line CCD 46. Two images for forming a difference 
image are obtained at a time interval. The interval may 
be set so that the sleeping person 2 cannot move largely ss 
and is regarded as being substantially in the same po- 
sition during the interval. For example, the interval pref- 
erably is about 0.1 seconds. Or, the interval may be 1 
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to 10 cycles in television cycle (1/30 to 1/3). When such 
a difference image is formed, the background is re- 
moved and an image of the sleeping person 2 with 
movement can be extracted. The case where a differ- 
ence image is used will be described later. 
[0126] Here, the correlation output value is a relative 
difference between imaging positions generated by the 
parallax between the first line CCD 45 and the second 
line CCD 46, and is typically a value output as a number 
of pixels as a result of correlation processing. The sen- 
sor control part 43 calculates the distance from the cor- 
relation output value, namely the parallax between the 
first line CCD 45 and the second line CCD 46, by trigo- 
nometry. The correlation processing is an operation in 
which one of the images obtained from the first line CCD 
45 and the second line CCD 46 is moved until the two 
images approximately overlap and the amount by which 
the image is moved, such as the number of pixels, is 
calculated. Judgment on whether the images overlap or 
not is made based on the intensity of all the signals. 
Where the intensity is highest is the position where the 
images overlap, namely the correlation peak position. 
In the correlation processing in difference image forma- 
tion, a region with movement is extracted by binarizing 
each of the difference images obtained from thefirst line 
CCD 45 and the second line CCD 46 with a proper value 
to extract the edges thereof. Then, only the extracted 
region is subjected to correlation processing. Namely, 
the distance to the sleeping person 2 can be obtained 
from the correlation output value. When the first line 
CCD 45 and the second line CCD 46 are divided into a 
plurality of regions and correlation processing is per- 
formed on corresponding regions respectively, the re- 
gion, a large portion of which is occupied by the back- 
ground, can be roughly separated from the object. 
[0127] The passive optical distance sensor 40, which 
is a sensor of the type used in an auto-focus camera, 
typically detects the brightness and darkness (differ- 
ence in contrast) on a surface of the sleeping person 2 
using a pair of line CCDs. The passive optical sensor 
40 determines the pixels of the paired line CCDs corre- 
sponding to each other by correlation processing and 
measures the distance by trigonometry. The line CCDs 
generally used in the passive optical distance sensor 40 
have a narrow field angle of about 1 0° . Thus, a relatively 
large number of sensors are needed to cover all the ob- 
jective points 5. However, since the passive optical dis- 
tance sensor 40 is not an emission type sensor, a plu- 
rality of sensors can be operated simultaneously without 
any problem. Thus, high-speed operation can be 
achieved. Also, since the passive optical distance sen- 
sor 40 compares relative positions on a pair of line 
CCDs, the passive optical distance sensor 40 is not as 
affected as an infrared distance sensor is affected when 
the beam is partially cut off, and can obtain the distance 
to the objective point 5 with stability. 
[0128] Description will be made of a case in which a 
difference image is utilized in the passive optical sensor 
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40 to clearly distinguish the sleeping person 2 and the 
background in the objective point 5 in detail. 
[0129] Photographed images of the objective points 
5 are obtained from the first line CCD 45 and the second 
line CCD 46 in time series as electrical image signals, s 
The difference image forming part 47 forms difference 
images from images obtained from each of the first line 
CCD 45 and the second line CCD 46 at different times, 
respectively. Here, the reason why the difference imag- 
es are formed from images obtained at different times 10 
is to remove the background from the obtained images 
and extract the images of the sleeping person 2. Only 
the sleeping person 2, who is moving, is thereby extract- 
ed. The difference images are formed from images ob- 
tained at a short interval, 0.1 seconds, for example, is 
Since the difference between the images is small, the 
difference in the position of the sleeping person 2 is 
small and does not affect the measurement of the dis- 
tance. However, the background is deleted and the im- 
age of the sleeping person 2 can be extracted. 20 
[0130] On the difference images in which the sleeping 
person 2 is extracted, the pixels, the brightness of which 
varied largely with movement of the sleeping person 2, 
can be regarded as the contour of the sleeping person 
2. Then, correlation processing is performed on the pix- 25 
els in the region inside the contour and the distance to 
the sleeping person 2 is measured by trigonometry. The 
distance to the sleeping person 2 can be thereby meas- 
ured with precision and stability. 

[0131] Description will be made of the method for cal- 30 
culating a distance A to the objective point 5 using the 
passive optical distance sensor 50 with reference to 
FIG. 1 9. Here, w is the distance between the line CCDs 
(baseline length), f is the focal length of the light receiv- 
ing lenses of the line CCDs in the case where the light as 
receiving lenses are single lenses, and d is the parallax 
on the imaging surface of each line CCD. When combi- 
nation lenses used in general are used, the focal dis- 
tance is the focal distance of the combination lenses. 
The distance A to the objective point 5 is calculated by *o 
the following equation: 

A = w X f/d (2) 

45 

[01 32] As has been described above, the distance to 
the sleeping person 2 can be obtained, namely meas- 
ured, when any type of sensors described above are 
used as the distance sensors 11 of the monitoring de- 
vice 1 . so 
[0133] Description will be made of the monitoring de- 
vice 1 in further detail with reference again to FIG. 3. 
The control unit 20 has a control part 21 for controlling 
the entire monitoring device 1 . The plurality of distance 
sensors 11 are connected to the control part 21 and con- 55 
trolled thereby. The control part 21 Is connected to a 
memory part 24 which can record data such as calcu- 
lated information. In the memory part 24 , a distance in- 
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formation storage part 25 for storing the distances out- 
put from the distance sensors 11 in time series is pro- 
vided. In the distance information storage part 25, ref- 
erence distances, which are the distances to the objec- 
tive points 5 at the time when the sleeping person 2 is 
not on the bed 6, are preferably stored. The reference 
distances are stored in the same format as distances 
output from the distance sensors 11. The distances 
stored in the distance information storage part 25 in time 
series may be the distances obtained in the past before 
the time of monitoring. For example, the distances may 
be the distances obtained immediately before the time 
of monitoring. 

[0134] The storage part 24 has a respiration pattern 
storage part 26 for storing the normal respiration pattern 
of the sleeping person 2 and abnormal respiration pat- 
terns. The normal and abnormal respiration patterns will 
be described later with reference to FIG. 22. 
[01 35] An input device 27 for inputting information to 
operate the monitoring device 1 and an output device 
28 for outputting the results of processing in the moni- 
toring device 1 are connected to the control part 21 . The 
input device 27 is a touch panel, keyboard or mouse, for 
example. The output device 28 is a display or a printer, 
for example. The input device 27 and the output device 
28, which are shown as external devices in the drawing, 
may be built in the control unit 20. The input device 27 
may be a switch with which monitoring can be started 
or stopped, and the output device 28 may be an LED as 
an operation indicator. The monitoring device 1 can be 
thereby constituted in a simple manner. 
[0136] The control part 21 is provided with an Inter- 
face 29 for communicating with the outside. For exam- 
ple, when the sleeping person 2 is determined to be in 
a critical condition by a detection processing part 23 of 
the control part 21 , the interface 29 reports the fact to 
the outside. The report is made by means of vocal 
sounds, letters, symbols, varying intensity of lights 
which may include room lighting, vibration, or the like. 
The interface 29 is connectable to a communication line 
such as a general telephone line, an ISDN line, a PHS 
line or a cellular phone line. The control part 21 may be 
provided with a sound output function so that it can in- 
form a third person of the fact that the sleeping person 
is in a critical condition by sound through the interface 
29. 

[0137] The control part 21 also has an alarm device 
90 which is activated when the monitoring device 1 de- 
velops a problem. The alarm device 90 is preferably 
configure to be activated when the detection processing 
part 23 determines that the sleeping person 2 is in a crit- 
ical condition, namely the sleeping person 2 has a prob- 
lem, or when the monitoring device 1 has an abnormality 
such as failure, for example. It is thereby possible to 
treat an abnormality of the sleeping person 2 quickly 
with high reliability. The control unit 20 is preferably con- 
figured to report occurrence of abnormality to the out- 
side via the interface 29 when the alarm device 90 is 
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activated as described above. The alarm device 90, 
which is shown as an external device in the drawing, 
may be an internal device. 

[0138] The control part 21 has a calculating part 22 
as a calculating unit for calculating changes over time s 
in the distances output from a plurality of the distance 
sensors 11. The distance output from each of the dis- 
tance sensors 11 may be the moving average value or 
term average value of a predetermined number of dis- 
tances obtained in the past or distances obtained within <o 
a predetermined period in the past. Since random nois- 
es and accidental noises caused by flickers of sunlight 
shining in through a window can thereby be reduced, 
error in determining the peak position or zero-cross 
point (a point where the sign is reversed) can be re- <s 
duced. 

[0139] To calculate changes over time is to extract 
changes in shape of the sleeping person 2 by obtaining 
distances from the distance sensor 1 1 at predetermined 
time intervals and taking the difference between the dis- 20 
tances obtainedf rom the distance sensor 1 1 and the dis- 
tances stored in the distance information storage part 
25 in time series. This is to extract the respiration, mo- 
tion or movement of the sleeping person 2, for example. 
The respiration of the sleeping person 2 extracted as 25 
described above forms a waveform pattern. 
[0140] FIG. 20 is a graph showing an example of a 
waveform pattern. 

[0141] The control part 21 has a detection processing 
part23 as a detection processor. The detection process- 30 
ing part 23 is configured to detect changes in shape of 
the sleeping person 2 based on the changes overtime 
calculated by the calculating part 22. Namely, the detec- 
tion processing part 23 is configured to detect the res- 
piration, motion and movement of the sleeping person 35 
2. The detection processing part 23 may be configured 
to detect changes in shape of the sleeping person 2 
based on the changes overtime relating to at least one 
distance sensor 11 selected from the plurality of dis- 
tance sensors 11 . 40 
[0142] The detection processing part 23 may be con- 
figured to determine the condition of the monitored tar- 
get based on either or both of the period and amplitude 
of periodic changes in the detected changes in shape. 
[0143] Furthermore, the detection processing part 23 45 
is configured to determine whether the sleeping person 
2 is in the bed or not by comparing the distances to the 
objective points 5 with the reference distances stored in 
the distance information storage part 25. Also, the de- 
tection processing part 23 may be configured to select so 
a distance sensor 11 which detected a distance to the 
corresponding objective point 5 with the largest differ- 
ence from the reference distance and may detect the 
respiration, motion and movement of the sleeping per- 
son 2 based on the changes over time relating to the ss 
selected distance sensor 11 . 

[0144] The detection processing part 23 may be con- 
figured to determine whether the sleeping person 2 is in 



755 A1 32 

the bed or not after periodic changes (respiration of the 
sleeping person 2) has been detected in the detected 
changes in shape for a predetermined period of time. 
The monitoring device 1 may be configured to start de- 
termining whether the sleeping person 2 is in a critical 
condition or not on condition that the sleeping person 2 
has been determined to be in the bed. The predeter- 
mined period of time is the period of time in which res- 
piration can be detected with stability, and typically it is 
30 to 120 seconds, more preferably 30 to 90 seconds. 
[0145] The detection processing part 23 is preferably 
configured to determine that the monitored target 2 has 
deviated from the monitored area 50, namely the sleep- 
ing person 2 has left the bed when no periodic change 
is detected after a transitional change has been detect- 
ed in the detected changes in shape and neither transi- 
tional change nor periodic change can be detected for 
a predetermined period of time or longer. The predeter- 
mined period of time is 1 to 3 minutes, for example. For 
example, when the sleeping person 2 really leaves the 
bed after motion or movement has been detected, the 
value of changes over time gradually decreases. Thus, 
judging only from the variation, the value comes in the 
range in which respiration is detected for some time and 
then becomes zero. Thus, the detection processing part 
23 is configured to determine that the sleeping person 
2 has left the bed when neither transitional changes nor 
periodic changes can be detected. However, when res- 
piration was detected before this situation happens, it 
means that that the sleeping person 2 has been in a qui- 
et state after motion or movement had been detected. 
Thus, when none of respiration, motion, or movement 
can be detected thereafter, the sleeping person 2 must 
be determined to be in a critical condition. 
[01 46] The detection processing part 23 is configured 
to monitor the period of periodic changes based on the 
detected continuous changes in shape of the sleeping 
person 2. Namely, the detection processing part 23 is 
configured to monitor the period of respiration of the 
sleeping person 2 based on the detected respiration, 
motion, and movement of the sleeping person 2. Also, 
the detection processing part 23 is configured to detect 
changes in shape of the sleeping person 2 based on 
either or both of the period and amplitude of periodic 
changes. Furthermore, the detection processing part 23 
may be configured to monitorthe respiration rate based 
on the period of the respiration. Here, monitoring the 
respiration rate is included in the concept of monitoring 
the period. 

[0147] There are several methods by which the de- 
tection processing part 23 detects changes in shape of 
the sleeping person 2. Some typical examples will be 
hereinafter shown. 

[01 48] A first method for detecting changes in shape 
of the sleeping person 2 is a method in which a distance 
sensor 1 1 which detected the largest change over time 
within a predetermined period of time in the immediate 
past is selected from the plurality of distance sensors 1 1 
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and changes in shape of the sleeping person 2 are de- 
tected based on the changes over time detected by the 
selected distance sensor 11 . In this case, it is good to 
select the distance sensor 11 which detected the largest 
variation in changes overtime within a period of time for 
which the sleeping person 2 breathes a few times in the 
immediate past (a few seconds to ten and some sec- 
onds). The respiration, motion, and movement of the 
sleeping person 2 are reflected in changes over time in 
each of the objective points 5 in different manners de- 
pending on the positions of the objective points 5 corre- 
sponding to each of the plurality of distance sensors 11 . 
Thus, to detect minute changes like respiration, the de- 
tection processing part 23 must select a distance sensor 
11 which corresponds to changes over time reflecting 
the changes properly. 

[01 49] The thus selected distance sensor 1 1 may be 
changed when the sleeping person 2 makes motion 
such as rolling. In this case, a distance sensor 1 1 which 
detected the largest variation in changes overtime with- 
in a predetermined period of time after the sleeping per- 
son 2 has become quiet is selected again to detect the 
respiration. In this case, one period of detected signals 
corresponds to one breath. When the sleeping person 
2 is moving, a variation in changes over time, which is 
much larger than that by respiration, is detected and in- 
dicates that the sleeping person 2 is moving. The pre- 
determined period of time is the time appropriate to se- 
lect a distance sensor 1 1 , which detects the largest var- 
iation In changes over time. In other words, the prede- 
termined time is the time it takes until the fact that the 
sleeping person 2 has been in a quiet state is reflected 
in changes over time. The period of time is a few sec- 
onds (three seconds, for example) to about 20 seconds, 
preferably about 10 to 15 seconds in the case where 
only the amplitude of periodic changes is evaluated, and 
30 to 90 seconds in the case where the respiration rate 
is evaluated by frequency analysis. The quiet state is 
the state where no transitional change, namely no mo- 
tion or movement is detected. The state where no tran- 
sitional change is detected can be determined by the 
following method as will be described in detail in the de- 
scription of a second embodiment: it is determined that 
there has been a transitional change when the changes 
over time exceed a predetermined threshold value and 
it is determined that the state where no transitional 
change is detected has started when the changes over 
time fall below the threshold value. 
[0150] The detection processing part 23 may be con- 
figured to select the distance sensors 1 1 which detected 
changes overtime which exceed a predetermined val- 
ue, to detect periodic changes in the selected changes 
over time, and to evaluate the presence or absence of 
respiration and the respiration rate based on the period- 
ic changes with the clearest periodicity (which repre- 
sents respiration). 

[0151] A second method for detecting changes in 
shape of the sleeping person 2 is a method in which the 



detection processing part 23 selects all the distance 
sensors 1 1 , obtains the total of changes overtime in out- 
puts from all the distance sensors 11, and detects 
changes in shape of the sleeping person 2 based on the 

5 total. This method, in which changes in shape of the 
sleeping person 2 are detected based on the total of the 
changes over time in the distances output from all the 
distance sensors 1 1 , is not necessarily the most sensi- 
tive method but is the simplest method. Thus, high- 

io speed processing can be easily achieved. The total of 
the changes over time in the distances may be the total 
of the differences between the distances output from the 
distance sensors 1 1 and the reference distances. In this 
case, one period of detected signals corresponds to one 

is breath. 

[01 52] A third method for detecting changes in shape 
of the sleeping person 2 is the method in which the de- 
tection processing part 23 selects changes over time 
having absolute values which are greater than a prede- 

20 termined value and detects changes in shape of the 
sleeping person 2 based on the average of the selected 
changes overtime. In this method, changes in shape of 
the sleeping person 2 are detected based on the aver- 
age of the changes over time in the distances. Thus, 

25 local large motion of the sleeping person 2 is flattened 
into motion with magnitude which is close to that of the 
motion of respiration and prevented from influencing the 
detection of the respiration of the sleeping person 2. In 
this case, one period of detected signals corresponds 

30 to one breath. 

[0153] A fourth method for detecting changes in 
shape of the sleeping person 2 is a method in which the 
detection processing part 23 selects changes overtime 
having absolute values which are greater than a prede- 

35 termined value and detects changes in shape of the 
sleeping person 2 based on the average of the absolute 
values of the changes overtime. In this method, chang- 
es in shape of thesleeping person 2 are detected based 
on the average of absolute values of changes overtime 

40 in the distances. Thus , for example, when a plurality of 
changes over time having absolute values which are 
greater than a predetermined value are selected and 
when the detected changes over time in the distances 
include positive and negative values, they are not can- 

45 celled out but added up. The method is therefore sen- 
sitive to small changes such as respiration. In this case, 
two periods of detected signals correspond to one 

[0154] A fifth method for detecting changes in shape 
so of the sleeping person 2 is a method in which the detec- 
tion processing part 23 compares the phases of the 
changes over time relating to a plurality of selected dis- 
tance sensors 11 each other, classifies the changes 
over time into groups according to the similarity of the 
55 phases, obtains the total of the changes over time in 
each group, calculates the difference between the totals 
of the groups, the groups having phases approximately 
opposite to each other, and detects changes in shape 
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of the sleeping person 2 based on the value obtained 
by the calculation. In this method, the changes over time 
having similar phases are grouped together and the total 
thereof is obtained respectively. Thus, the breaths of the 
sleeping person 2, for example, can be extracted as 5 
members of a group and amplified. In addition, the dif- 
ference between the totals of the groups having phases 
approximately opposite to each other is calculated and 
changes in shape of the sleeping person 2 are detected 
based on the value obtained by the calculation. Thus, 10 
even though some values are raised and other values 
are lowered simultaneously as the sleeping person 2 
breathes, the amplitude of the respiration pattern can 
be amplified by the subtraction and the respiration can 
be detected reliably. In this case, one period of detected is 
signals correspond to one breath. 
[0155] A sixth method for detecting changes in shape 
of the sleeping person 2 is a method in which the detec- 
tion processing part 23 calculates the frequency spectra 
of all the outputs from a plurality of the distance sensors 20 
11 , selects the distance sensor 11 whose output has a 
frequency spectrum with a peak having a sharpness 
which is a predetermined value or higher and the highest 
among the calculated frequency spectra, and then de- 
tects changes in shape of the monitoring object 2 based 25 
on the changes over time relating to the selected dis- 
tance sensor 1 1 . 

[01 56] A value obtained by dividing the height of the 
peak of a spectrum by the integration value of the 
heights of the spectra of all frequencies or, in a discreet 30 
case, a value obtained by adding the height of the higher 
spectrum of the spectra next to the peak to the height 
of the peak and further dividing by the sum of the heights 
of the spectra of all frequencies can be used as the index 
ofthesharpnessofthepeak.forexample. By evaluating 35 
the fact that the sharpness of the peak is a predeter- 
mined value or higher, a distance sensor 1 1 which is dis- 
tinctly detecting the respiration of the sleeping person 
2, for example, can be selected. Thus, the respiration of 
the sleeping person 2 can be easily detected. *o 
[0157] A seventh method for detecting changes in 
shape of the sleeping person 2 is a method in which the 
detection processing part 23 calculates the frequency 
spectra of outputs from the distance sensors 11 which 
detected a change over time having an absolute value 45 
within a predetermined range, selects a distance sensor 
1 1 whose output has a frequency spectrum with a peak 
having a sharpness which is a predetermined value or 
higher and the highest among the calculated frequency 
spectra, and detects changes in shape of the monitored so 
object 2 based on the changes over time relating to the 
selected distance sensor 1 1 . In this method, when the 
predetermined range of the absolute values of the 
changes over time is set within the region in which the 
respiration of the sleeping person 2 falls, the respiration 55 
of the sleeping person 2 can be easily detected. 
[0158] An eighth method for detecting changes in 
shape of the sleeping person 2 is a method in which the 
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detection processing part 23 calculates the frequency 
spectra of outputs from a plurality of the distance sen- 
sors 11 which detected a change overtime having one 
of the largest absolute values, selects a distance sensor 
11 whose output has a frequency spectrum with a peak 
having a sharpness which is a predetermined value or 
higher and the highest among the calculated frequency 
spectra, and detects changes in shape of the monitoring 
object 2 based on the changes over time relating to the 
selected distance sensor 1 1 . 

[0159] The detection processing part 23 detects 
changes in shape of the sleeping person 2 using the 
above detection method shown above. The monitoring 
device 1 determines the condition of the sleeping person 
2 based on the thus detected changes in shape. For ex- 
ample, when the period of respiration pattern becomes 
irregular within a short period of time or varies suddenly, 
the sleeping person 2 may have a lung disease such as 
spontaneous hemothorax or bronchial asthma, a heart 
disease such as congestive heart failure, or a cerebrov- 
ascular disease such as cerebral bleeding. When the 
respiration pattern does not appear continuously, the 
sleeping person 2 may have stopped respiration. Also, 
when not respiration pattern but motions of the sleeping 
person 2 frequently appear within a short period of time, 
the sleeping person 2 may be suffering and struggling 
for some reason. 

[0160] The motion or movement of the sleeping per- 
son 2 can be detected easily since the detection value 
largely varies as compared with the case in which only 
respiration is detected based on changes overtime. In 
this case, furthermore, The detection processing part 23 
can detect whether the sleeping person 2 is making mo- 
tion such as rolling on the spot or moving to get out of 
the bed , for example, based on each of the changes 
over time corresponding to a plurality of the distance 
sensors 11. Also, when the sleeping person 2 makes 
periodic small motions such as spasm, the abnormality 
can be detected based on the waveform pattern. Fur- 
thermore, when a waveform pattern at the time when a 
sleeping person is having a spasm is stored in the mem- 
ory part 24, it can be determined that the sleeping per- 
son 2 is having a spasm. 

[0161] Description will be made of examples of nor- 
mal and abnormal respiration patterns with reference to 
FIG.21 . A normal respiration pattern stored in the respi- 
ration pattern storage part 26 in the memory part 24 is 
aperiodic pattern as shown in FIG. 21(a). In the case of 
an adult, the number of breaths per minute is normally 
in a range of about 1 0 to 20. Abnormal respiration pat- 
terns stored in the respiration pattern storage part 26 
are respiration patters which are considered to occur 
when a sleeping person has a physiological defect, such 
as Cheyne-Stokes respiration, central hyperventilation, 
ataxic respiration, and Kussmaul respiration. 
[0162] FIG. 21(b), FIG. 21(c), and FIG. 21(d) show a 
pattern of Cheyne-Stokes respiration, a pattern of cen- 
tral hyperventilation, and a pattern of ataxic respiration, 
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respectively. 

[0163] FIG. 22 shows the names of the t 
diseased sections which cause the abnormal respiration 
patterns. 

[0164] The detection processing part 23 determines 
to which pattern the respiration pattern of the sleeping 
person 2 belongs utilizing the fact that the respiration 
patterns have different frequencies, numbers of appear- 
ances, and amplitudes, and determines the conditions 
of the sleeping person 2. 

[0165] The detection processing part 23 determines 
that the sleeping person 2 is breathing abnormally and 
thus in a critical condition when the respiration of the 
sleeping person 2 is determined to belong to a respira- 
tion pattern which is considered to occur when there is 
a physiological defect. The condition of thesleeping per- 
son 2 detected as above is output from the output device 
28 by the control part 21 . Here, the output includes the 
detected respiration rate and frequency of motion of the 
sleeping person 2, the name of the abnormal respiration 
pattern, the name of disease, diseased organ, or dis- 
eased section, which is considered to be the cause of 
the abnormal respiration pattern. 
[01 66] The monitoring device 1 , which has a plurality 
of distance sensors 11 in the above description, may 
have only one distance sensor 1 1 . In this case, the mon- 
itoring device 1 can be simplified and downsized. Also, 
the monitoring device 1 can perform high-speed opera- 
tion since the number of outputs from the distance sen- 
sor 1 1 is small. Furthermore, when the infrared distance 
sensors 30a are used as the distance sensors 11 , the 
circuit structure can be simplified since the monitoring 
device 1 is provided with distance sensors 11 each using 
bipartite PD. Thus, the monitoring device 1 can be cost- 
effective and simple. 

[0167] According to the first embodiment as de- 
scribed previously, the respiration of the sleeping per- 
son 2 can be detected reliably and the condition of the 
sleeping person 2 can be determined. In addition, the 
monitoring device 1 does not use image processing us- 
ing a camera, which may give a psychologically uncom- 
fortable feeling, and high-speed processing can be 
achieved although it is simple. When an aged person or 
patient falls into a critical condition, life-saving meas- 
ures can be quickly taken. 

[01 68] Description will be made of a monitoring device 
201 according to a second embodiment of this invention 
with reference to the schematic perspective view of FIG. 
23. As shown in FIG. 23(a), a monitored region 250 as 
a monitored target area is set on the upper surface of a 
bed 206. As shown in FIG. 23(b), a sleeping person 202 
as a monitored target lies on the bed 206. Abed cloth 
203 is laid over the sleeping person 202 and covers part 
of the sleeping person 202 and part of the bed 206. 
Namely, when the sleeping person 202 lies on the bed 
206 (is in the bed), the monitoring device 201 monitors 
the upper surface of the bed cloth 203. When the bed 
cloth 203 is not used, the monitoring device 201 moni- 



tors the body of the sleeping person 202. The monitored 
region 250 will be described later with reference to FIG. 
25. In this embodiment, the periodic changes of the 
sleeping person 202 are, for example, the respiration of 
5 thesleeping person 202. The transitional changes of the 
sleeping person 202 are motion or movement of the 
sleeping person 202. 

[0169] As shown in FIG. 23(a), a plurality of distance 
sensors 211 as sensors for detecting distance informa- 

io tion as a variable having a correlation with the distance 
to the sleeping person 202 are installed in a ceiling 204. 
The distance information in this embodiment is a dis- 
tance value which is a distance as it is or an output value 
corresponding to the distance value. These will be here- 
's inafter referred to simply as "distance". Description will 
be hereinafter made using the term "distance". 
[0170] The plurality of distance sensors 21 1 are pref- 
erably installed in the ceiling via a casing 21 0. The plu- 
rality of distance sensors 211 can thereby be installed 

20 with ease since there is no need to install the sensors 
one by one. In the casing 210, the plurality of distance 
sensors 211 are arranged corresponding to a plurality 
of objective points 205 (distance measurement points). 
In other words, the distance sensors 211 correspond in 

25 number with the objective points 205 and are oriented 
to corresponding objective points 205. The objective 
points 205 will be described later in detail with reference 
to FIG. 25. The casing 210 (the distance sensors 211), 
which is installed in the ceiling 204 in this embodiment, 

so may be installed in a wall if possible. The installation 
position may be determined depending upon the pur- 
pose or type of the monitoring device. 
[0171] As shown in FIG. 24, the casing 210 may be 
mounted on a movable stand 207. The plurality of dis- 

35 tance sensors 211 can thereby be placed easily. For ex- 
ample, the distance sensors 211 can be conveniently 
placed when and where needed in a hospital or the like. 
[0172] Description will be made of examples of ar- 
rangement of the objective points 205 with reference to 

40 the schematic plan view of FIG. 25. The objective points 
205 are arranged in the monitored region 250. Also, the 
objective points 205 are preferably arranged in at least 
two columns in the monitored region 250. FIG. 25(a) 
shows an example in which a plurality of objective points 

4s 251 a to 254c corresponding to the plurality of distance 
sensors 21 1 are arranged in such a manner that they do 
not overlap with each other. 

[0173] In this case, the plurality of objective points 205 
are arranged so that they do not overlap with others as 

so follows, as shown in the drawing: the objective points 
251a, 251b, 251c, 254a, 254b, and 254c are placed in 
the vicinity of the sides of the bed 206; and the objective 
points 252a, 252b, 252c, 253a, 253b, and 253c are 
placed in the vicinity of the center of the bed 206 in the 

55 monitored region 50 (the objective points will be herein- 
after referred to as "objective points 205 when they are 
not mentioned separately). Also, the objective points 
205 are preferably arranged in a grid pattern as shown 
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in the drawing. The objective points 205 are preferably 
arranged in an area which covers the area in which the 
chest, abdomen, back, and shoulders of the sleeping 
person 202 on the bed 6 (under the bed cloth 3) move 
while it is sleeping. Although the objective points 205 
are arranged in a matrix of four rows by three columns 
(which will be hereinafter represented as "4 x 3") in this 
embodiment, the number of the objective points205can 
be determined depending upon conditions, such as the 
place to be monitored and the sleeping person 202. The 
objective points 5 may be arranged in, for example, 3 x 
3, 4 X 4, or 2 X 2. 

[01 74] When the objective points 205 are arranged as 
described above, a wide monitored region 250 can be 
covered with a relatively small number of distance sen- 
sors with high efficiency. Namely, since the monitored 
region 250, which covers an area required to be moni- 
tored, can be monitored with a relatively small number 
of distance sensors 21 1 , the monitoring device 201 (see 
FIG. 23) can be small and highly effective. Also, even 
when emission type sensors which measure distance 
by emitting light flux as described in the description of 
the first embodiment are used for the distance sensors 
211, the distance sensors 211 corresponding to adja- 
cent objective points 205 do not have to be so controlled 
as notto make emission simultaneously. Thus, the mon- 
itoring device 201 can be simpler in structure. 
[0175] As shown in the arrangement example of FIG. 
25(b), adjacent objective points 205 may overlap with 
each other. In this case, since blind areas in the moni- 
tored region 250 can be reduced, monitoring can be per- 
formed with higher precision. When emission type sen- 
sors which measure distance by emitting light flux as 
described in the description of the first embodiment are 
used as the distance sensors 211 , for example, the dis- 
tance sensors 211 corresponding to the objective point 
205 overlapping with each other must be so controlled 
as not to make emission simultaneously. This is be- 
cause when a plurality of distance sensors 211 emit 
light, for example, simultaneously, the light which must 
be received is mixed with and influenced by light emitted 
from other distance sensors 211 , making it difficult to 
measure the distance. 

[0176] When the distance sensors 211 emit light flux- 
es with different wavelengths as in the case with the in- 
frared distance sensors 30a (see Fig. 5) as described 
in the description of the first embodiment and when the 
light receiving lenses 37a (see Fig. 5) are made to trans- 
mit light in a wavelength band corresponding to that of 
the emitted beam light by means of coating or the like, 
the distance sensors 30a does not have to be so con- 
trolled as not to make emissions simultaneously even 
when adjacent objective points 205 overlap with each 
other. Also, when the light sources of the emitted light 
flux are blin ked at prescribed frequencies, as in the case 
with the infrared distance sensors 30a, which are differ- 
ent from each other among the distance sensors 211 
and electric band pass filters for extracting signals with 



the frequencies are provided with the distance sensor 
21 1 , the distance sensors 211 do not have to be so con- 
trolled as not to make emissions simultaneously even 
when adjacent objective points 205 overlap with each 
other. 

[0177] Description will be made of an example of the 
configuration of the monitoring device 201 with refer- 
ence to FIG. 26. The monitoring device 201 comprises 
a casing 21 0 in which a plurality of distance sensors 21 1 

1 are installed and a control unit 220. The control unit 220 
is typically a personal computer or microcomputer. The 
plurality of distance sensors 211 are connected to the 
control unit 220 and configured to output distances to 
the control unit 220. The distances are preferably ob- 

• tained from each of the distance sensors 21 1 in time se- 
ries. The distance sensors 211 and the control unit 220, 
which are shown as being separate in the drawing, may 
be integrated together. The distance sensors 211 are 
arranged in the casing 21 0 in 4 x 3. 

1 [0178] Although the distance sensors 211 are typical- 
ly aligned in the casing 210, the casing 210 may be 
curved as in the case with the housing 10' described 
before with FIG. 4. In this case, the distance sensors 
211 are arranged along the curve. When the casing 10' 
is used, the wide monitored region 250 can be easily 
secured even when the casing 1 0' is small. The casing 
1 0' enables the distance sensors 21 1 to be arranged in 
such a manner that adjacent objective points 205 do not 
overlap with each other with ease even when the casing 
10' is small. Thus, the device can be downsized. 
[0179] As the distance sensors 211 for use in the mon- 
itoring device 201 , infrared emitting distance sensors, 
ultrasonic wave sensors, electromagnetic pulse dis- 
tance sensors, passive optical distance sensors, or the 
like can be used. Among them, infrared emitting dis- 
tance sensors, ultrasonic wave sensors, and electro- 
magnetic pulse distance sensors are emission type sen- 
sors. As the distance sensors 21 1 , relatively simple and 
inexpensive sensors such as sensors used in auto-fo- 
cus cameras are preferably used in the above descrip- 
tion. By using such distance sensors 211 , the monitoring 
device 1 can be simple and cost-effective. The infrared 
emitting sensors described with FIG. 5 and FIG. 13, ul- 
trasonic wave sensors described with FIG. 15, electro- 
magnetic distance wave sensors described with FIG. 
16, or passive optical distance sensor described with 
FIG. 17 can be preferably used. In this embodiment, de- 
scription will be made of the case in which the infrared 
distance sensors 30 described in the description of the 
first embodiment are used. 

[0180] With any type of distance sensors described 
as above, the distance to the sleeping person 202 can 
be obtained, namely, the distance to the sleeping person 
202 can be measured. 

[0181] Referring again to FIG. 26, the monitoring de- 
vice 201 will be described in further detail. The control 
unit 220 has a control part 221 . The control part 221 con- 
trols the entire monitoring device 201 . The plurality of 
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distance sensors 211 are connected to the control part 
221 and controlled thereby. The control part 221 is con- 
nected to a memory part 224 which can record data such 
as calculated information. In the memory part 224 is pro- 
vided a distance storage part 225 for storing the distanc- 
es output from the distance sensors 21 1 in time series. 
The distances stored in the distance storage part 225 in 
time series may be the distances obtained in the past 
before the time of monitoring. The distances may be the 
distances obtained immediately before the time of mon- 
itoring. 

[0182] An input device 227 for inputting information to 
operate the monitoring device 201 and an output device 

228 for outputting the result of processing in the moni- 
toring device 201 are connected the control part 221 . 
The input device 227 is a touch panel, keyboard, or 
mouse, for example. The output device 228 is a display 
or printer, for example. The input device 227 and the 
output device 228, which are shown as external devices 
in the drawing, may be built in the control unit 220. The 
input device 227 may be a switch with which monitoring 
can be started or stopped, and the output device 228 
may be an LED as an operation indicator. The monitor- 
ing device 201 can be thereby constituted in a simple 
manner. 

[0183] The monitoring device 201 has an alarm de- 
vice 290 as alarming means for issuing an alarm. The 
alarm device 290 is connected to the control part 221 . 
The alarm device 290 is configured to issue an alarm 
when it receives an alarm signal from a hereinafter de- 
scribed determination part 223. Namely, the alarm de- 
vice 290 is configured to issue an alarm when the de- 
termination part 223 determines that the sleeping per- 
son 202 is in a critical condition. The alarm device 290 
may be configured to issue an alarm when an abnormal 
event such as breakdown of the monitoring device 201 
occurs. Since it is therefore possible to inform a third 
person of the fact that the sleeping person 202 is in a 
critical condition quickly, necessary measures can be 
taken quickly. Namely, the monitoring device 201 can 
have high reliability in monitoring. The alarm device 290, 
which is shown as an external device in the drawing, 
may be an internal device. 

[0184] The control unit 220 is preferably configured to 
report the fact that the alarm device 290 issues an alarm 
to the outside via an interface 229 when the alarm de- 
vice 290 issues an alarm. The outside herein is the place 
from which the monitoring device 201 is managed, or, 
in the case of a personal home, a living room or a fire 
station. The report is made by means of vocal sounds, 
letters, symbols, varying intensity of lights which may 
include room lighting, vibration, orthe like. The interface 

229 is connectable to a communication line such as a 
general telephone line, an ISDN line, a PHS line, or a 
cellular phone line. In a personal home, the report to 
another room such as the living room or another bed 
room is preferably made by radio or power line commu- 
nication. The control unit 220 may be provided with a 
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sound output function so that it can inform a third person 
of the fact that the person is in a critical condition by 
sound through the interface 229. 
[0185] The control unit 220 has a human detection 

5 sensor 241 as presence detecting means for detecting 
the sleeping person 202 present in or in the vicinity of 
the monitored region 250. As the human detection sen- 
sor 241 , a pyroelectric sensor which can detect the pres- 
ence of a human by detecting heat rays, an ultrasonic 

10 sensor which detects the presence of a human using 
ultrasonic waves, amotion sensor using image process- 
ing can be used. A pyroelectric sensor is preferably used 
as the human detection sensor 241 . By using a pyroe- 
lectric sensor, the monitoring device 201 can be small 

is and cost-effective. The human detection sensor 241 
functions as a motion sensor which detects fluctuations 
in a detection level since it is difficult to distinguish en- 
vironmental changes and changes due to the presence 
or absence of the sleeping person 202 based on abso- 

20 lute values of detection levels. 

[0186] The human detection sensor 241 is preferably 
installed in the casing 21 0. The work to install the mon- 
itoring device 201 can be thereby facilitated and the 
monitoring device 201 can be downsized. The installa- 

25 tion position of the human detection sensor 241 is not 
limited to the above. The human detection sensor 241 
may be installed in any position as long as it can detect 
the sleeping person 202 present in the monitored region 
250 or around it. 

30 [0187] When the monitoring device 201 is provided 
with the human detection sensor 241 , power can be 
saved since power supply to the monitoring device 201 
can be cut off when the human detection sensor 241 
cannot detect the presence of the sleeping person 202 

35 in or in the vicinity of the monitored region 250. In other 
words, since power can be supplied to the monitoring 
device 201 when necessary, power can be saved. Also, 
when the distance sensors 21 1 cannot detect a motion 
of the sleeping person 202, the human detection sensor 

■to 241 can help determine whether the sleeping person 
202 is present or not or whether the person is making a 
motion or not. 

[01 88] A pressure detection sensor 243 may be pro- 
vided as a device for detecting whetherthe sleeping per- 

45 son 202 is present or absent. The pressure detection 
sensor 243 is a load sensor or a pressure sensor, for 
example. The pressure detection sensor 243 is prefer- 
ably located in a position where the load of the sleeping 
person 202 on the bed 206 is applied such as a position 

so on the side of the upper body of the sleeping person 202 
on the bed 206 or in one of the legs of the bed 206 (which 
are located at the four corners of the rectangular bed 
206) on the side of the upper body of the sleeping person 
202. In this case, by utilizing the output from the pres- 

55 sure detection sensor 243, the reliability in determining 
whether the sleeping person 202 is in the bed or not can 
be improved. 

[0189] The control part 221 also has a calculating part 
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222 as a calculating unit for calculating distance-related 
values based on the distances output from the distance 
sensors 211, and a determination part 223 as a deter- 
mination unit for determining the presence or absence 
of changes in shape of the sleeping person 202 based 
on the calculated distance-related values, 
[0190] Here, the distance-related values calculated 
by the calculating part 222 are changes in the distances 
with time or the absolute values of the changes over 
time. Hereinbelow, this embodiment is described where 
the distance-related values are the absolute values of 
changes in the distances with time. The changes in 
shape of the sleeping person 202 are continuous chang- 
es in shape, for example. The continuous changes in 
shape are periodic changes. The periodic changes are 
respiration of the sleeping person 202, for example. 
[0191] To calculate changes over time based on the 
distances means to obtain the displacement in the dis- 
tances within a predetermined period of time in the past 
by obtaining distances from the distance sensor 211 at 
predetermined intervals and calculating the difference 
between distances obtained at the time of monitoring 
and distances obtained in the past. In other words, it is 
to obtain the displacement in the distances within a pre- 
determined period of time in the past by calculating the 
difference between distances obtained from the dis- 
tance sensor 211 and the distances stored in the dis- 
tance storage part 225 in time series. To calculate 
changes over time based on the distances may be to 
obtain the displacement in the distances within a prede- 
termined period of time in the past by obtaining distanc- 
es from the distance sensor 21 1 at predetermined inter- 
vals and calculating the differences between the maxi- 
mum values and minimum values (Max - Min) of the dis- 
tances obtained in a predetermined period of time in the 
past. Here, the former is suitable to detect periodic 
changes. The latter is suitable to distinguish hereinafter 
described the respiration, motion or sitting-up of the 
sleeping person 202. Although description will be made 
of the case in which the latter distance displacement is 
used, the former may be used. Alternatively, both of the 
distance displacements may be used. In this case, a 
hereinafter described determination part 223 selects 
which to use. The detection of periodic changes may not 
be necessarily performed using a difference between 
distances and may be performed by means of frequency 
analysis orthe like based on distances obtained in time 

[0192] Here, the interval at which distances are ob- 
tained from the distance sensors 211 is about 0.1 to 3 
seconds, preferably about 0.1 to 0.5 seconds. However, 
when the distances obtained include random noises, 
distances are preferably obtained at shorter intervals 
and subjected to averaging or filtering. The predeter- 
mined period of time here is about 30 seconds, prefer- 
ably about 1 0 to 20 seconds, and may be a shorter pe- 
riod of time such as about 3 seconds. When the prede- 
termined period of time is relatively long, it is useful for 



hereinafter described the determination part 223 to de- 
termine that the sleeping person 202 is sitting up. When 
the predetermined period of time is relatively short, it is 
useful for the determination part 223 to detect motion of 

s the sleeping person 202. 

[0193] Preferably, a first predetermined period and a 
second predetermined period, which is shorter than the 
first predetermined period, are set and the calculating 
part 222 obtains both of distance displacement within 

10 the first predetermined period and distance displace- 
ment within the second predetermined period. In this 
case, in the same manner as above, the first predeter- 
mined period is set to about 30 seconds, preferably 
about 1 0 to 20 seconds, and the second predetermined 

is period is set to about 1 to 1 0 seconds, preferably about 
3 to 6 seconds. The determination part 223 thereby can 
make a more accurate determination. The predeter- 
mined periods, which are time periods in the above de- 
scription, may be numbers of distances obtained (ten, 

20 for example). The calculation of changes over time is 
performed for each distance sensor 21 1 . Namely, dis- 
tance displacement is obtained for each distance sensor 
211. 

[0194] The distance displacements obtained by cal- 

25 culating changes over time based on the distances in 
the calculating part 222 are arranged in chronological 
order to form a waveform pattern. 
[0195] FIG. 27 shows an example of a waveform pat- 
tern formed by the changes over time. Shown is a wave- 

30 form pattern corresponding to normal actions of the 
sleeping person 202: getting into the bed, quiet state, 
rolling, quiet state, sitting-up, and leaving the bed from 
the left. Shown is the case where the predetermined pe- 
riod is set to about 1 5 seconds. 

35 [0196] The distance-related values, which are chang- 
es in distances with time or particularly absolute values 
of the changes over time in the above description, may 
be the distances from a reference position. In this case, 
to calculate distance-related values based on the dis- 

40 tances is to obtain distances from the reference position 
at predetermined intervals. The thus obtained distances 
are arranged in chronological order. Here, the reference 
position, which is typically the upper surface of the bed 
206, may be a position on the breast or abdomen of a 

45 sleeping person 202 with a standard body shape. The 
reference position is preferably stored as the distance 
from the distance sensor 21 1 to the reference position 
in the distance storage part 225. The hereinafter de- 
scribed determination part 223 can thereby easily de- 

so termine the sitting-up. 

[01 97] As has been described above, the distance-re- 
lated values are formed into a waveform pattern by cal- 
culation of the calculating part 222. 
[0198] FIG. 28 shows an example of a waveform pat- 

55 tern formed by the distance-related values. This is an 
example in the case where the reference position is set 
on upper surface of the breast of the sleeping person 
202 having a standard body shape. Shown is a wave- 
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form pattern corresponding to normal actions of the 
sleeping person 202 as in the case with the waveform 
pattern shown in FIG. 27. 

[01 99] Description will be made of the case where the 
distance-related values are changes in the distances 
with time with reference to FIG. 27 as necessary. 
[0200] The calculating part 222 may be configured to 
calculate the moving average value orterm average val- 
ue of a predetermined number of distances obtained in 
the past or distances obtained within a predetermined 
period of time in the past. In this case, the thus calcu- 
lated moving average value or term average value of 
the distances are treated in the same manner as the dis- 
tances output from the distance sensors 211 when the 
calculating part 222 calculates changes in the distances 
with time. In other words, the calculating part 222 cal- 
culates changes in the distances with time based on the 
moving average value or term average value. The mov- 
ing average value orterm average value may be calcu- 
lated in each distance sensor 211 . In other words, the 
distance sensors 21 1 may be configured to calculate the 
moving average value or term average value of the 
measured distances and output the result of the calcu- 
lation as the distance. Since random noises and acci- 
dental noises caused by flickers of sunlight shining in 
through a window or the like can thereby be reduced, 
error in determining the peak position or zero-cross 
point (a point where the sign is reversed) can be re- 
duced. 

[0201] The calculating part 222 may be configured to 
receive distances within a predetermined range among 
distances output from the distance sensors 211. This 
can be easily accomplished by a band pass filter or low- 
pass filter. A hereinafter described first threshold value 
Th 1x can be thereby set to a relatively low value, and a 
hereinafter described determination part 223 can deter- 
mine the presence or absence of changes in shape of 
the sleeping person 202 more accurately. 
[0202] Description will be made of the determination 
part 223. In the determination part 223, a first threshold 
value Th 1x , a second threshold value Th 2x , which is 
greater than the first threshold value Th 1x , and a third 
threshold value Th 3x , which is greater than the second 
threshold value Th 2x , are set. The first threshold value 
Th 1x is a value corresponding to a distance displace- 
ment of about 0.1 to 3 mm, preferably about 0.1 to 0.5 
mm. The second threshold value Th 2x is a value corre- 
sponding to a distance displacement of about 3 to 20 
mm, preferably about 5 to 10 mm. The third threshold 
value Th 3x is a value corresponding to a distance dis- 
placement of about 300 to 700 mm, preferably about 
400 to 600 mm, more preferably about 450 to 550 mm. 
Also, each of the threshold values may be set to different 
values for each objective point 205, namely, for each 
distance sensor 211. The monitoring device 201 can 
thereby set proper threshold values for each distance 
sensor 211 and have improved judgment accuracy. 
[0203] When the reference position is set as shown 



in FIG. 28, the first threshold value Th 1x is a value cor- 
responding to a distance from the reference position of 
about 0.1 to 3 mm, preferably about 0.1 to 0.5 mm. The 
second threshold value Th 2x is a value corresponding 

s to a distance from the reference position of about 3 to 
20 mm, preferably about 5 to 1 0 mm . The third threshold 
value Th 3x is a value corresponding to a distance from 
the reference position of about 300 to 700 mm, prefer- 
ably about 400 to 600 mm, more preferably about 450 

10 to 550 mm. In this case, the reference positions of the 
first threshold value Th 1x and the second threshold val- 
ue Th 2x must be corrected depending upon the spot on 
the sleeping person 202 where the light flux is incident. 
However, the reference position of the third threshold 

*s value Th 3x can be a fixed position (a position on the up- 
per surface of the bed 206, for example) and is easy to 
use. 

[0204] The determination part 223 is configured to de- 
termine that the sleeping person 202 has had a first 

20 change in shape when the distance showed a change 
over time which is not smaller than the first threshold 
value Th 1x and not greater than the second threshold 
value Th 2x . The determination part 223 is configured to 
determine that the sleeping person 202 has had a sec- 

2s ond change in shape, which is different from the first 
change in shape, when the distance showed a change 
over time which is greaterthan the second threshold val- 
ue Th 2x and not greater than the third threshold value 
Th 3x . The first change in shape in this embodiment is 

30 small motion of the sleeping person 202 such as respi- 
ration, abnormal respiration or spasm. This is the state 
designated as 153 or 154 in FIG.27, for example. The 
second change in shape .in this embodiment is large 
motion of the sleeping person 202 such as rolling. This 

35 is the state designated as 155 in FIG. 27, for example. 
[0205] The determination part 223 is configured to de- 
termine that the sleeping person 202 has had a third 
change in shape when periodic changes in the distance 
with time are detected. The determination is preferably 

40 made while the first change is determined to be contin- 
uing. The third change in shape in this embodiment is 
respiration of the sleeping person 202 including normal 
and periodic abnormal respirations. This is the state 
designated as 154 in FIG. 27. In the example shown in 

45 fig. 27, since the predetermined period is about 1 5 sec- 
onds, the respiration does not appear as periodic chang- 
es. 

[0206] The determination part 223 is preferably con- 
figured to determine that there has been a third change 
so in shape by evaluating the period and amplitude of the 
periodic changes. To evaluate the period and amplitude 
of the periodic changes is to examine synchronism, for 
example. Namely, the determination part 223 examines 
the synchronism between the periodic changes and pre- 
ss scribed changes and determines that there has been a 
third change in shape when they are synchronized with 
each other. The prescribed changes are waveform pat- 
terns of normal or abnormal respirations, which will be 
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described later with reference , for example.to FIG. 29. 
The accuracy in determining the presence or absence 
of respiration of the sleeping person 202 can be thereby 
improved, and the amount of calculation in the control 
part 221 can be reduced. 

[0207] To examine the synchronism is to analyze the 
period (frequency) of changes in the distance with time 
using a high speed Fourier transform operation or the 
like and to evaluate whether the peak of the spectrum 
of the period within an objective period range (period 
range of respiration) , for example, has a sharpness 
which is not lower than a certain level. The sharpness 
of the peak can be evaluated based on the ratio of the 
power of the period of changes overtime in the distance 
to the total or average of the powers of the spectra within 
the objective period range. 

[0208] The determination part 223 is configured to 
monitor the period of the periodic changes based on the 
detected periodic changes. To monitor the period of the 
periodic changes is to monitorthe respiration rate of the 
sleeping person 202 per unit time, for example. 
[0209] The determination part 223 is configured to de- 
termine that the sleeping person 202 has had a fourth 
change when the distance showed a change over time 
which exceeds the third th reshold value Th 3x . The fourth 
change in shape in this embodiment is a motion of the 
sleeping person 202 which is greater than the second 
change In shape such as sitting-up. For example, this is 
the state designated as 152 in FIG. 27. 
[0210] Also, the determination part 223 is configured 
to determine that the sleeping person 202 has deviated 
from the monitored region 250, namely has left the bed, 
when no change in shape of the sleeping person 202 
can be detected within a first predetermined period of 
time after the distance has showed a change over time 
which exceeds the third threshold value Th 3x . This is the 
transition from the state designated as 152 to the state 
designated as 1 51 shown , for example, on the right side 
in FIG. 27. The first predetermined period of time is 
about 10 to 60 seconds, for example. In this case, the 
determination part 223 may be configured to determine 
that the sleeping person 202 has deviated from the mon- 
itored region 250 when the human detection sensor241 
detects the presence of the sleeping person 202 for a 
certain period of time and then cannot detect the pres- 
ence of the sleeping person 202 after the transition from 
the state designated as 152 to the state designated as 
151 . The determination part 223 may be configured to 
make determination in combination with the detection of 
the presence or absence of the sleeping person 202 by 
the human detection sensor 241. 
[021 1] The determination part 223 may be configured 
to determine that the sleeping person 202 has deviated 
from the monitored region 250 when neither the first 
change in shape northesecond change in shape of the 
sleeping person 202 cannot be detected for a predeter- 
mined period of time or longer without detection of pe- 
riodic changes after the distance has showed a change 



overtime which exceeds the third threshold value Th 3x . 
The predetermined period of time is about 1 to 3 min- 
utes, for example. For example, when the sleeping per- 
son 202 really leaves the bed after the changes over 
5 time have exceeded the third threshold value Th 3x , the 
value of changes overtime gradually decreases. Thus, 
judging only from the variation, the value causes in the 
range of motion or respiration for some time and then 
becomes zero. When noise is high, there may be a case 

10 in which the amplitude of change overtime exceeds the 
first threshold value but the changes over time cannot 
be detected as respiration when the periodicity is eval- 
uated. Thus, the determination on whetherthe sleeping 
person 202 has left the bed is made when neither the 

is first change in shape nor the second change in shape 
can be detected. However, when periodic changes have 
been detected before this situation happens, it means 
that the sleeping person 202 has been in a quiet state 
after the distance had shown a change which exceeded 

20 the third threshold value Th 3x . Thus, when neither the 
first change in shape nor the second change in shape 
appear thereafter, the sleeping person 202 must be de- 
termined to be in a critical condition. 
[0212] The determination part 223 may be configured 

25 to determine that the sleeping person 202 has deviated 
from the monitored region 250 when the distance sen- 
sors 211 corresponding to the objective points 251a, 
251 b, 251 c, 254a, 254b, and 254c along the sides of the 
bed 206 (see FIG. 25) detect changes over time which 

30 are greater than those which the distance sensors 21 1 
corresponding to the objective points 252a, 252b, 252c, 
253a, 253b, and 253c at the center of the bed 206 (see 
FIG. 25) detect at the time when the distance shows a 
change over time which is greater than the third thresh- 

35 old value Th 3x . It is thereby possible to determine that 
the sleeping person 202 leftthe bed irrespective of time. 
This is because when the sleeping person 202 leaves 
the bed, the motion at a side of the bed 206 is greater 
than the motion at the center of the bed 206. Also, it is 

40 thereby possible to determine that the sleeping person 
202 has left the bed even when it takes time for the 
sleeping person 202 to leave the bed. 
[0213] Also, the determination part 223 is configured 
to determine that the sleeping person 202 is in the mon- 

45 itored region 250, namely the sleeping person 202 is in 
the bed 206, when changes in shape of the sleeping per- 
son 202 is determined to have continued for a second 
predetermined period of time. This is the case where the 
waveform makes the transition from the state designat- 

so ed as 151 to any one of the states designated as 152, 
153, 154, and 155 shown on the left side in FIG.27, and 
the , for example, state continues for a second predeter- 
mined period of time. The second predetermined period 
of time is about 30 to 60 seconds, for example. In this 

55 case, any one of the above states may appear or a plu- 
rality of the states may appear in sequence. 
[0214] The determination part 223 may be configured 
to determine that the sleeping person 202 is in the mon- 
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itored region 250, namely in the bed 206, when the dis- 
tance has shown periodic changes over time for a pre- 
determined period of time. The determination part 223 
may be configured to start determining whether the 
sleeping person 202 is in a critical condition or not on 
condition that the sleeping person 202 is determined to 
be in the bed. The predetermined period of time must 
be long enough to detect the respiration stably, and it is 
typically 30 to 90 seconds. 

[0215] The determination on whether the sleeping 
person 202 is in the bed or not may be made on condi- 
tion that the human detection sensor 241 has detected 
the presence of the sleeping person 202. This is the 
state designated as 156 in FIG. 27. 
[0216] The determination part 223 is configured to de- 
termine that the sleeping person 202 has no change in 
shape when the distance shows changes over time 
which is lower than the threshold value Th 1x and to de- 
termine that the sleeping person 202 is in a critical con- 
dition when no change in shape has been detected for 
a third predetermined period of time after the sleeping 
person 202 has been determined to be in the monitored 
region 250. The first threshold value Th 1x is set to re- 
move noise in signals in this embodiment. 
[0217] This is because the respiration of the sleeping 
person 202 can be determined to have been stopped or 
the sleeping person 202 may have fallen off the bed 206 
since the sleeping person 202 is not determined to have 
left the bed but no changes in shape has been detected. 
This is the case where the waveform makes transition , 
for example, from the state designated as 154 to the 
state designated as 151 without passing through the 
state designated as 1 52 in FIG. 27. The reason why the 
determination is made after the third period of time has 
passed is that respiration may stop for a short period of 
time even if the sleeping person 202 is in a normal con- 
dition. The third predetermined period of time is about 
60 second, for example. 

[0218] The determination part 223 is configured to de- 
termine that the sleeping person 202 is in a critical con- 
dition when the second change in shape is determined 
to have continued for a fourth predetermined period of 
time. This is because the sleeping person 202 may be 
suffering and struggling for some reason when large 
motion of the sleeping person 202 does not stop in a • 
short period of time but continues. This is the case 
where the state designated as 155 in FIG. 27 has con- 
tinued for the fourth period of time. This determination 
is made to issue an alarm when the sleeping person 202 
is suffering and struggling, for example. The fourth pre- 
determined period of time is about 60 seconds, for ex- 
ample. 

[0219] The determination part 223 may be configured 
to determine that the sleeping person 202 is in a critical 
condition when the second change in shape is deter- ' 
mined to have continued for the fourth predetermined 
period of time after the third change in shape (respira- 
tion) is determined to have continued for a predeter- 



mined period of time. The predetermined period of time, 
which must be long enough to detect respiration with 
stability, is 30 to 120 seconds, for example. When the 
sleeping person 202 is doing something on the bed 206 
immediately after entering the bed 206, or after the 
sleeping person 202 sits up once and lie again, the 
sleeping person 202 may be determined to be in a crit- 
ical condition. Thus, the determination is made after it 
is determined that the sleeping person 202 has been in 
a quiet state and is breathing forthe predetermined pe- 
riod of time. 

[0220] The determination part 223 may be configured 
to determine that the sleeping person 202 has fallen off 
the bed 206 when it is determined that there is no chang- 
es in shape after the second change in shape has been 
detected in the objective points 251 a, 251 b, 251 c, 254a, 
254b, or 254c (see FIG. 25) along the sides of the bed 
206. 

[0221] The determination part 223 may be configured 
to determine that the sleeping person 202 is in a critical 
condition when the sleeping person 202 is determined 
to have deviated from the monitored region 250, namely 
when the sleeping person 202 is determined to have left 
the bed. The monitoring device 201 can thereby deter- 
mine the fact that the sleeping person 202 who must 
stay in the bed has freely left the bed or is walking 
around when the device is installed in a hospital or a 
nursing facility. When the monitoring device 201 is in- 
stalled in a personal home and this determination is not 
necessary, the determination part 223 is configured not 
to make the determination. 

[0222] The determination part 223 is preferably con- 
figured to determine that the sleeping person 202 is in 
a critical condition when the respiration rate of the sleep- 
ing person 202 is not within a predetermined range. The 
predetermined range is about 1 0 to 25 times per minute. 
[0223] The determination part 223 is preferably con- 
figured to determine that the sleeping person 202 is in 
a critical condition when the period of the waveform pat- 
tern becomes irregular within a short period of time or 
varies suddenly while the sleeping person 202 is deter- 
mined to be breathing. This is because the sleeping per- 
son 202 may have a lung disease such as spontaneous 
hemothorax or bronchial asthma, a heart disease such 
as congestive heart failure, or a cerebrovascular dis- 
ease such as cerebral bleeding. 
[0224] The determination part 223 is configured to 
send an alarm signal to the alarm device 290 when the 
sleeping person 202 is determined to be in a critical con- 
dition. 

[0225] The determination by the determination part23 
on the presence or absence of changes in shape of the 
sleeping person 202 is preferably made based on 
changes overtime in the distances corresponding to the 
plurality of distance sensors 211 in a comprehensive 
manner. However, when there is no need to designate 
the objective points 205, the determination on the pres- 
ence or absence of changes in shape may be made 
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based on changes over time in the distance detected by 
one distance sensor21 1 selected from the distance sen- 
sors 211. 

[0226] When one distance sensor 211 is selected 
from the plurality of distance sensors 21 1 , for example, 5 
the distance sensor 211 which detected the largest 
change overtime in the distance within a predetermined 
period of time in the immediate past is preferably select- 
ed. Then, the determination on the presence or absence 
of changes in shape of the sleeping person 202 is made 10 
based on the changes overtime in the distance corre- 
sponding to the selected distance sensor 211. In this 
case, it is good to select the distance sensor 211 which 
detected the largest variation in changes over time in 
the distance within a period of time for which the sleep- is 
ing person 202 breathes a few times in the past (a few 
seconds to ten and some seconds). The change in 
shape of the sleeping person 202 are reflected in chang- 
es overtime in the objective points 205 in different man- 
ners depending on the positions of the objective points 20 
205 corresponding to the plurality of distance sensors 
211. Thus, to detect minute changes like the third 
change in shape (respiration), the determination part 
223 must select a distance sensor 211 which detected 
changes over time reflecting the minute changes prop- 2s 
erly. 

[0227] Alternatively, a method may be used in which 
one or more distance sensors 21 1 which detected large 
changes overtime are selected, each selected distance 
sensor thereof is subjected to frequency analysis, and 30 
the distance sensor 211 whose output has a frequency 
spectrum with the clearest peak is selected. 
[0228] The thus selected distance sensor 211 maybe 
changed when the sleeping person 202 makes motion 
suchasrolling.lnthiscase,adistancesensor211 which 35 
detected the largest variation in changes overtime with- 
in a few seconds after the sleeping person 202 has be- 
come quiet is selected again and , for example, respira- 
tion of the sleeping person 202 is detected. In this case, 
one period of the waveform pattern which the changes "o 
over time in the distance form corresponds to one 
breath. In detecting respiration, the total of changes over 
time in the distances obtained from all the distance sen- 
sors 211 may be used. In this case, the changes may 
be cancelled out since changes with different phased fs 
are added. Thus, the largest change described above 
are compared and the larger one is used. Alternatively, 
the frequency spectra of them are compared and the 
one with a clearer peak is used. 

[0229] The determination part 223 can determine so 
whether the sleeping person 202 is moving or not based 
on each of the changes overtime in the distances cor- 
responding to the plurality of distance sensors 211 re- 
spectively. In this case, the determination is made based 
on the transitions of the changes over time in each of ss 
the distances to the objective points 205. For example, 
the distances to the objective points 252a, 252b, and 
252c in the center part (see FIG. 25) show large chang- 
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es after the distances to the objective points 251 a, 251 b, 
and 251c on one side (see FIG. 25) have shown large 
changes, the sleeping person 202 can be determined to 
be moving from the edge to the center of the bed 206. 
Also, the moving speed can be calculated from the time 
differences among the changes. 
[0230] Description will be made of examples of nor- 
mal and abnormal respiration waveform patterns with 
reference to FIG. 29. Normal respiration shows a wave- 
form pattern similar to a sine wave as shown in FIG. 29 
(a). The waveform patterns of abnormal respiration are 
waveform patterns which are considered to occur when 
a sleeping person has a physiological defect such as 
Cheyne-Stokes respiration, central hyperventilation, 
ataxic respiration, and Kussmaul respiration. The above 
waveform patterns of abnormal respiration are exam- 
ples and this invention is not limited thereto. 
[0231] The monitoring device 201 may have a respi- 
ration pattern storage part 226 for storing the waveform 
patterns of normal respiration of the sleeping person 
202 and the waveform patterns of abnormal respiration 
in the memory part 224. It is thereby possible to easily 
determine to which waveform pattern the respiration 
waveform pattern of the sleeping person 202 belongs. 
Also, a waveform pattern at the time when a sleeping 
person is having a spasm is preferably stored in the res- 
piration pattern storage part 226 of the memory part 224. 
The determination part 223 can thereby determine that 
the sleeping person 202 is having a spasm when the 
first change in shape is detected. 
[0232] FIG. 29(b), FIG. 29(c), and FIG. 29(d) show 
waveform patterns of Cheyne-Stokes respiration, cen- 
tral hyperventilation, and ataxic respiration, respective- 
ly- 

[0233] FIG. 22 shows the names of diseases and the 
diseased sections which are considered to be the caus- 
es of the abnormal respiration waveform patterns shown 
above. 

[0234] The determination part 223 determines to 
which waveform pattern the waveform pattern of the 
changes overtime in distances belongs utilizing the fact 
that the respiration patterns have different frequencies, 
number of appearances, and amplitudes. Also, the de- 
termination part 223 determines that the sleeping per- 
son 202 is in a critical condition when the distance 
shows changes over time which belong to the above 
waveform patterns of abnormal respiration. The control 
part 221 may output the result of the determination from 
the output device 228. Here, the output includes the de- 
tected respiration rate and frequency of motions of the 
sleeping person 202, the name of the abnormal respi- 
ration pattern, the name of disease, the diseased organ, 
or the diseased section which is considered to be the 
cause of the abnormal respiration pattern, and so on. 
[0235] The monitoring device 201 , which has a plural- 
ity of distance sensors 21 1 in the above description, may 
have only one distance sensor 211. In this case, the 
monitoring device 201 can be simplified and downsized. 
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Also, the monitoring device 201 can perform high-speed 
operation since the number of outputs from the distance 
sensor 211 is small. 

[0236] When the monitoring device 201 has the pres- 
sure detection sensor 243 (see FIG. 26) in addition to 
the distance sensors 211 , the reliability , for example, in 
determining whether the sleeping person 202 is in the 
bed or not can be improved by utilizing outputs from the 
pressure detection sensor 243. 
[0237] The monitoring device 201 according to the 
second embodiment as described above can detect res- 
piration of the sleeping person 202 reliably and deter- 
mine changes of the sleeping person 202 such as being 
in the bed, leaving bed and respiratory arrest. The mon- 
itoring device 201 does not use image processing using 
a camera, which may give a psychologically uncomfort- 
able feeling, and can perform high-speed processing al- 
though it is simple. In addition, since the monitoring de- 
vice 201 issues an alarm when the sleeping person 202 
is determined to be in a critical condition, life-saving 
measures can be quickly taken. This is advantageous 
when the monitoring device 201 is used for an aged per- 
son or a sick person. 

Industrial Applicability 

[0238] As has been described above, the monitoring 
device comprises a plurality of independent distance 
sensors oriented to different positions respectively in a 
monitored target area for measuring the distance to a 
monitored target, a calculating unit for calculating each 
of changes overtime in outputs from the plurality of dis- 
tance sensors, and a detection processing part for de- 
tecting periodic changes of the monitored target based 
on changes overtime relating to one or more of distance 
sensors selected from the plurality of distance sensors. 
Thus, there can be provided a monitoring device which 
can detect the condition of a sleeping person reliably 
and which is small and simple. 



1 . A monitoring device comprising: 

a distance sensor installed facing monitored 
target area for measuring a distance to a mon- 
itored target; 

a calculating unit for calculating changes over 
time in the output of said distance sensor ; and 
a detection processor for detecting changes in 
shape of said monitored target based on the 
calculated change over time. 



2. A monitoring device comprising: 



multiple independent distance sensors in- 
stalled facing different positions respectively 



within a monitored target area for measuring a 
distance to a monitored target ; 
a calculating unit for calculating changes over 
time in the outputs of each of the multiple dis- 
tance sensors; and 

a detection processor for detecting changes in 
shape of said monitored target based on the 
calculated changes overtime in one or multiple 
selected distance sensors among the multiple 
sensors. 

3. The monitoring device as recited in claims 1 or 2, 
determining the condition of said monitored target 
based on the detected changes in shape of said 
monitored target. 

4. The monitoring device as recited in any one of 
claims 1 to 3, wherein said detection processor de- 
termines the condition of said monitored target 
based on either or both of the period and amplitude 
of periodic changes in said detected changes in 
shape. 

5. The monitoring device as recited in any one of 
claims 2 to 4, wherein said detection processor se- 
lects an output which showed the largest change 
over time within a predetermined period of time in 
the immediate past and detects changes in shape 
of said monitored target based on change overtime 
in said output. 

6. The monitoring device as recited in any one of 
claims 2 to 4, wherein said detection processor se- 
lects all of said multiple distance sensors, obtains 
the total of changes over time in the distances, and 
detects changes in shape of said monitored target 
based on said total. 

7. The monitoring device as recited in any one of 
claims 2 to 4, wherein said detection processor cal- 
culates the frequency spectra of all the outputs from 
said multiple distance sensors, selects a distance 
sensor whose output has a frequency spectrum with 
a peak having a sharpness which is a predeter- 
mined value or higher and the highest among the 
calculated frequency spectra, and detects changes 
in shape of said monitored target based on changes 
over time in the selected distance sensor. 

8. The monitoring device as recited in any one of 
claims 2 to 4, wherein said detection processor cal- 
culates the frequency spectra of outputs from the 
distance sensors which detected a change over 
time having an absolute value within a predeter- 
mined range, selects a distance sensor whose out- 
put has a frequency spectrum with a peak having a 
sharpness which is a predetermined value or higher 
and the highest among the calculated frequency 
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spectra, and detects changes in shape of said mon- 
itored target based on changes overtime in the se- 
lected distance sensor. 

9. The monitoring device as recited in any one of 
claims 2 to 4, wherein said detection processor cal- 
culates the frequency spectra of outputs from a plu- 
rality of the distance sensors which detected a 
change overtime having one of the largest absolute 
values, selects a distance sensor whose output has 
a frequency spectrum with a peak having a sharp- 
ness which is a predetermined value or higher and 
the highest among said calculated frequency spec- 
tra, and detects changes in shape of said monitored 
target based on changes over time in the selected 
distance sensor. 

10. The monitoring device as recited in any one of 
claims 2 to 4, wherein said detection processor se- 
lects changes over time having absolute values 
which are larger than a predetermined value and 
detects change in shape of said monitored target 
based on the average of said selected changes 
over time. 

11. The monitoring device as recited in any one of 
claims 2 to 4, wherein said detection processor se- 
lects changes over time having absolute values 
which are larger than a predetermined value and 
detects changes in shape of said monitored target 
based on the average of said absolute values of the 
selected changes overtime. 

12. The monitoring device as recited in any one of 
claims 2 to 4, wherein said detection processor 
compares the phases of changes over time relating 
to a plurality of the selected distance sensors each 
other, classifies said changes over time into groups 
according to the similarity of said phases, obtains 
the total of said changes over time in each group, 
calculates the difference between the totals of 
groups, the groups having approximately opposite 
phases each other, and detects changes in shape 
of said monitored target based on the value ob- 
tained by said calculation. 

13. The monitoring device as recited in any one of 
claims 1 to 12, wherein said distance sensor has 
light emitting means for emitting a light flux to said 
monitored target and an imaging optical system for 
forming an image of a light emission pattern gener- 
ated on said monitored target by said light emitting 
means, and obtains an output corresponding to the 
distance by trigonometry based on the position 
where imaging pattern light is formed into an image 
by said imaging optical system. 

14. The monitoring device as recited in any one of 



claims 1 to 12, wherein said distance sensor has at 
least two imaging units for forming images of said 
monitored target with individual optical axes and ob- 
tains an output corresponding to the distance by 
trigonometry based on information on the position 
where said images are formed from said imaging 
units. 

15. A monitoring method comprising the steps of: 

measuring a distances to multiple different po- 
sitions within a monitored target area to meas- 
ure the distances to a monitored target chang- 
ing in shape within said monitored area; 
calculating changes over time in the multiple 
distances; and 

detecting changes in shape of said monitored 
target based on the calculated changes over 
time in one or multiple selected distances 
among changes overtime. 

16. The monitoring method as recited in claim 15, 
wherein an output which showed the largest change 
over time within a predetermined period of time in 
the immediate past is selected and changes in 
shape of said monitored target are detected based 
on change over time in said output in said step of 
detecting. 

30 17. The monitoring method as recited in claim 15, 
wherein all said multiple distances are selected, the 
total of all the changes overtime in said distances 
is obtained, and changes in shape of said monitored 
target are detected based on said total in said step 

35 of detecting. 

18. The monitoring method as recited in claim 15, 
wherein changes overtime having absolute values 
which are largerthan a predetermined value are se- 

40 lected and changes in shape of said monitored tar- 
get are detected based on the average of the se- 
lected changes over time in said step of detecting. 

19. The monitoring method as recited in claim 15, 
45 wherein changes over time having absolute values 

which are largerthan a predetermined value are se- 
lected and changes in shape of said monitored tar- 
get are detected based on the average of said ab- 
solute values of said selected changes overtime in 
said step of detecting. 

). The monitoring method as recited in claim 15, 
wherein each of the phases of changes over time 
relating to multiple the selected distance sensors 
each other are compared, said changes are classi- 
fied into groups according to the similarity of said 
phases, the total of said changes overtime in each 
group is obtained, the difference between the totals 
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of groups, the groups having approximately oppo- 
site phases each other, is calculated, and changes 
in shape of said monitored target are detected 
based on the value obtained by the calculation in 
said step of detecting. 

21. A monitoring device comprising: 

a distance sensor for measuring a distance to 
a monitored target in a monitored target area; 
a calculating unit for calculating changes in out- 
put from said distance sensor overtime; and 
a detection processor for detecting changes in 
shape of said monitored target based on the 
calculated changes over time; 

wherein said distance sensor has light emit- 
ting means for emitting a light flux to said monitored 
target, an imaging optical system for forming an im- 
age of a light emission pattern generated on said 
monitored target by said light emitting means, and 
a light receiving surface installed in the vicinity of 
the position where said imaging optical system 
forms an image and divided into a plurality of light 
receiving regions for receiving imaging pattern light 
from said formed image of said light emission pat- 
tern; and further has a position information output 
unit for receiving signals from said light receiving 
regions, comparing the intensities of imaging pat- 
tern light incident on said light receiving regions 
each other based on the receive signals, and out- 
putting information on the position where an imag- 
ing pattern is formed corresponding to the distance 
to said monitored target. 

22. A monitoring device comprising: 

a distance sensor for measuring a distance to 
a monitored target in a monitored target area; 
a calculating unit for calculating changes in the 
outputfrom said distance sensor overtime; and 
a detection processor for detecting changes in 
shape of said monitored target based on the 
calculated changes over time; 

wherein said distance sensor has light emit- 
ting means for emitting a light flux to said monitored 
target, an imaging optical system for forming an im- 
age of a light emission pattern generated on said 
monitored target by said light emitting means, light 
receiving means disposed in the vicinity of the po- 
sition where said imaging optical system forms an 
image for receiving imaging pattern light from said 
formed image of said light emission pattern; and a 
position information output unit for outputting infor- 
mation on the position where an imaging pattern is 
formed corresponding to the distance to said mon- 
itored target based on the position where imaging 
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pattern light is formed into an image on said light 
receiving means. 

23. The monitoring device as recited in claims 21 or22, 
5 wherein said monitored target is an object which 

changes periodically, and wherein said detection 
processor monitors the period of the periodic 
changes based on the detected changes in shape 
of said monitored target. 

10 

24. The monitoring device as recited in any one of 
claims 21 to 23, having a plurality of said distance 
sensors, said plurality of distance sensors being in- 
dependent and installed facing different positions in 

'5 said monitored target area. 

25. The monitoring device as recited in claim 24, where- 
in said detection processor selects a distance sen- 
sor which detected the largest change over time 

20 within a predetermined period of time in the imme- 
diate past and detects changes in shape of said 
monitored target based on said change over time. 

26. A monitoring device, comprising: 

25 

a sensor for detecting a variable correlating to 
a distance to an monitored target in a monitored 
target area; 

a calculating unit for calculating a distance-re- 
30 lated value based on said variable output from 

said sensor; 

a determination unit for determining if there are 
changes in the shape of said monitored target 
based on the calculated distance-related value; 

wherein said determination unit determines 
that said monitored target has had a first change in 
shape when said distance-related value is the same 
or largerthan a first threshold, and lowerthan a sec- 

40 ond threshold, with said second threshold being 
larger than said first threshold; and 

wherein said determination unit determines 
that said monitored target has had a second change 
in shape, which is different from said first change in 

45 shape, when said distance-related value is the 
same or larger than a second threshold value, and 
lowerthan a third threshold, with said third threshold 
being larger than said second threshold. 

so 27. A monitoring device as recited in claim 26, wherein 
said determination unit determines that the moni- 
tored target has deviated from said monitored target 
area when no change in shape of said monitored 
target can be detected within a first predetermined 

55 period of time after said distance-related value has 
exceeded said third threshold value. 

28. The monitoring device as recited in claim 26, where- 
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in said determination unit determines that the mon- 
itored target has deviated from said monitored tar- 
get area when neither said first change in shape nor 
said second change in shape of said monitored tar- 
get can be detected for a predetermined period of s 
time or longer without detection of periodic changes 
after said distance-related value has exceeded said 
third threshold value. 

29. The monitoring device as recited in any one of 'o 
claims 26 to 28, wherein said determination unit de- 
termines that there has been a third change in 
shape when periodic changes in said distance-re- 
lated value are detected. 

30. The monitoring device as recited in any one of 
claims 26 to 29, wherein said determination unit de- 
termines that said monitored target is in said mon- 
itored target area when changes in shape of said 
monitored target are determined to have continued 20 
for a second predetermined period of time. 

31. The monitoring device as recited in any one of 
claims 26 to 29, wherein said determination unit de- 
termines that said monitored target is in said mon- 25 
itored target area when periodic changes in said 
distance-related value has been detected for a pre- 
determined period of time or longer. 

32. The monitoring device as recited in claims 30 or 31, so 
wherein said determination unit determines that 
said monitored target has no change in shape when 
said distance-related value is lower than said first 
threshold value and determines that said monitored 
target is in a critical condition when said monitored 35 
target is determined to have had no change in 
shape for a third predetermined period of time after 
said monitored target has been determined to be in 
said monitored target area. 

40 

33. The monitoring device as recited in any one of 
claims 26 to 32, wherein said determination unit de- 
termines that said monitored target is in a critical 
condition when said second change in shape is de- 
termined to have continued for a fourth predeter- « 
mined period of time. 

34. The monitoring device as recited in claims 32 or 33, 
further comprising alarm means, wherein said de- 
termination unit sends an alarm signal to said alarm so 
means when said monitored target is determined to 

be in a critical condition. 

35. A monitoring device, comprising: 

55 

a sensor for detecting a variable correlating to 
the distance to a monitored target in a moni- 
tored target area; 
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a calculating unit for calculating a distance-re- 
lated value based on said variable output from 
said sensor; 

a determination unit for determining if there are 
changes in the shape of said monitored target 
based on said calculated distance-related val- 
ue; 

wherein said determination unit determines 
that said monitored target has deviated from said 
monitored target area when no change in shape of 
said monitored target can be detected within a first 
predetermined period of time after said distance-re- 
lated value has exceeded a third threshold. 

36. The monitoring device as recited in any one of 
claims 26 to 35, wherein the determination unit de- 
termines that said monitored target has had a fourth 
change in shape when said distance-related value 
exceeds said third threshold value. 

37. The monitoring device as recited in any one of 
claims 26 to 36, wherein the calculated distance- 
related value is changes overtime in said variable 
or the absolute value of said changes over time. 

38. The monitoring device as recited in any one of 
claims 26 to 37, wherein said sensor has light emit- 
ting means for emitting a light flux to said monitored 
target, an imaging optical system forforming an im- 
age of a light emission pattern generated on said 
monitored target by said light emitting means, a light 
receiving surface disposed in the vicinity of the po- 
sition where said imaging optical system forms an 
image and divided into a plurality of light receiving 
regions for receiving imaging pattern light from the 
formed image of said light emission pattern; and a 
position information output unit for receiving signals 
from said light receiving regions, comparing the in- 
tensities of imaging pattern lights incident on said 
light receiving regions based on said receiving sig- 
nals, and outputting information on the position 
where an imaging pattern is formed corresponding 
to the distance to said monitored target. 

39. The monitoring device as recited in any one of 
claims 26 to 37, wherein said sensor has light emit- 
ting means for emitting a light flux to said monitored 
target, an imaging optical system forforming an im- 
age of light emission pattern generated on said 
monitored target by said light emitting means, light 
receiving means disposed in the vicinity of the po- 
sition where said imaging optical system forms an 
image for receiving imaging pattern light from said 
formed image of said light emission pattern; and a 
position information output unit for outputting infor- 
mation on the position where an imaging pattern is 
formed corresponding to the distance to said mon- 
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itored target based on the position where imaging 
pattern light is formed into an image on said light 
receiving means. 

40. The monitoring device as recited in any one of 5 
claims 26 to 39, having a plurality of said sensors. 

41. A monitoring device, comprising: 

multiple independent distance sensors in- »o 
stalled facing different positions respectively 
within a monitored target area for measuring 
the distances to an monitored target; 
a calculating unit for calculating changes over 
time in respectively the outputs from the multi- »s 
pie distance sensors; and 
a detection processorfor selecting the distance 
sensor which detected the largest change over 
time within a predetermined period of time in 
the immediate past, and detect changes in 20 
shape of said monitored target based on 
changes over time detected by said selected 
distance sensor; 

wherein said detection processor selects a 25 
distance sensor which detected the largest change 
overtime within a predetermined period of time after 
said monitored target has been in a quiet state, and 
detects changes in the shape of said monitored tar- 
get based on changes overtime detected by the se- so 
lected distance sensor when movement of said 
monitored target has been detected. 
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